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The egg-eating hymenopterous parasites ordinarily known 
under the name Trichogramma evanescens are composed of 
numerous biotypes differing especially in their methods of 
reproduction and in their reactions to the factors of environ- 
ment or to the attraction exercised by the hosts. 

Our attention is principally devoted to one of these biotypes, 
which we have called Trichogramma cacaeciae, and which 
differs from the typical T. evanescens by a remarkable group of 
biological characteristics. 

In nature this form is a parasite of the egg masses of a single- 
brooded tortricid—-Cacaecia rosana. The complete annual 
cycle comprises two generations, both succeeding in developing 
upon the same egg mass of the Cacaecia or in two neighboring 
and contemporaneous masses. 

These two generations present different characters: There 
is seasonal dimorphism, the post-winter generation being 
micropterous and relatively pigmented, the summer generation 
having, on the contrary, normal wings and being of a clear 
color. 

Of the two generations which develop in a single egg mass, 
only the first has its evolution synchronous with the diapause 
of the host and has itself a period of diapause; but while for 
the non-parasitized host it is an embryonic diapause, with the 
parasite it is a larval diapause. 
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The cycle of 7. cacaeciae as we have described it, does not 
correspond to a fixed evolutionary phenomenon comparable 
to those of the alternating generations of the Cynipidae; it 
depends upon seasonal conditions and the evolutionary rhythm 
of the host. Under experimental conditions, one can make 
the JT. cacaeciae oviposit in the eggs of multiple-brooded 
Lepidoptera and it happens then that the cycle of the parasite 
is accelerated in a manner corresponding to that of the host 
and instead of two annual generations there are then seven to 
nine successive generations, all being normally winged except 
that the post-winter generation shows a more or less marked 
tendency to micropterism. 

One can thus willingly make the annual cycle of the genera- 
tions vary experimentally and, by altering alternatively either 
egg masses that have a diapause (Cacaecia), or egg masses that 
have no diapause (Mamestra), obtain the forms intermediate 
between the two-generation cycle in the egg masses of Cacaecia, 
and the many-generation cycle in the egg masses of Mamestra. 

The accelleration of the development in eggs that have no 
diapause does not prevent, as one would suppose, the 
phenomenon of mitogenetic induction; for under usual con- 
ditions the egg of the host is killed at an early stage, following 
the stroke of the ovipositor of the parasitizing insect or by the 
larval parasite which develops inside of it. The origin of the 
cyclic variations which we have described cannot therefore 
be sought except in the physical-chemical nature of the egg of 
the host, particularly in the nature of the enveloping membranes. 
It is these elements which take on the role of the exchanges 
upon which depend the rhythmic phenomena of evolution: 
exchanges taking place between the exterior environment and 
the embryonic tissues of the host in the case of the normal egg, 
between the exterior conditions and the larval tissues of the 
Trichogramma in the case of the parasitized egg. Enzymes 
or hormones may also intervene. 

In spite of the profound changes of rhythm which one 
imposes on 7. cacaeciae in making it evolve in the estivo- 
hivernale eggs without diapause, it nevertheless preserves its 
essential characters: clear pigmentation showing a more somber 
tint owing to the cold, a thelyotokous parthenogenetic repro- 
duction, and a tendency towards micropterism for the post- 
winter generation (with, however, a marked reduction in size). 
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The post-winter micropterism and the seasonal dimorphism 
of T. cacaeciae have been studied in paragraph 6 of Chapter II. 
The morphological differences of the two generations which 
constitute the cycle are so striking that if one did not know 
that the two forms were part of the same cycle one would be led 
to consider them as belonging to different genera. 

This seasonal dimorphism is strictly dependent upon the 
conditions of the medium. Among the factors which determine 
the micropterism, cold is one of the most important. To 
understand the regular and general regression of the wings of 
the post-winter generation, some complementary factors may, 
however, intervene: There are factors slowing down the 
metabolism inherent to the physical-chemical medium of the 
eggs of a long diapause (eggs of Cacaecia); they are probably 
the same as those with which the diapause of the host is con- 
nected. Lack of food may also add to the preceding factors 
to accentuate the micropterism. Finally, looking at the 
phenomenon from the genetic point of view, it seems that our 
experiments show that 7. cacaeciae under similar conditions 
shows a seasonal tendency towards micropterism much more 
markedly than we occasionally meet with in other species such 
as the typical 7. evanescens. 

With the latter, the regression of the wings, where it is 
present, is only shown in the male sex and only under certain 
conditions and with certain ones: there is poecilandry. 

Rare with 7. evanescens living in the eggs of Lepidoptera, 
the males having atrophied wings are very abundant in the 
T. evanescens coming from the eggs of Sialis on the plants 
growing on the banks of waters. These are characterized not 
only by their very strong wing regression equivalent to 
apterism but still more by their antennae, the conformation 
of which resembles that of the female (Aurivillius, 1897). 

The factors of the exterior medium play a part of the first 
order in the production of poecilandry with 7. evanescens. 
The Trichogrammas issuing from the eggs of Sialis, and of 
which the males are all or almost all wingless, actually, in the 
next generation coming from the eggs of Lepidoptera, have 
descendants which are all or almost all normally winged males. 
The determining causes of winglessness, (apterism), or antennary 
gynecomorphism in the males of Trichogramma from the eggs 
of Sialis reside principally in the special physical-chemical 
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medium of which these eggs are constituted as well as in the 
special nature of the membranes which regulate these changes 
with the exterior. 

The reduction of the food during larval evolution also acts 
in the same way. 

The reproduction of TJ. cacaeciae, characterized by a 
thelyotokous parthenogenesis with the sporadic appearance of 
males (spanendry), has been studied. The accidental character 
of the males has been particularly shown in the variety which 
we have studied under the name of 7. flavum. For this variety, 
in the course of a pure uniparental line during twelve generations 
there have been only females: a male appeared in the 13th 
and there followed only females up to the 26th generation, 
in which two males appeared, together with very numerous 
females; three others again appeared in the 27th generation. 
These males, aside from coupling, exercised no influence upon 
the mode of reproduction of the females and those which had 
coupled with them continued to give birth only to females. 

The behavior of 7. cacaeciae at the moment of oviposition 
has struck our attention and the following facts have been noted: 

1. T. cacaeciae, which oviposits normally in the eggs of 
Cacaecia in the state of embryonic cinese, abstains from laying 
in these eggs during the aestivation period, which corresponds 
to the state of diapause. This state of diapause causes the 
eggs of the Tortricid to lose their attractive power, which 
reappears in the springtime when the embryonic evolution is 
resumed at the time when the hosts come out. 

2. The eggs of Cacaecia, in the course of the active period 
of their embryonic evolution, are attractive to the Tricho- 
grammas not only when they are living but when they have 
just been killed by humid heat. 

The differences in the attractive power of the egg towards 
the Trichogramma, whether it follows one or the other of the 
preceding states, can be explained by the great sensitiveness 
of these parasites to the exhalations or the radiations which 
come not only from the actively living eggs, but also from the 
different living or dead organic materials having a fluid content. 
The anhydrobiosis which accompanies the state of diapause 
brings about an extreme reduction in the exchanges with the 
exterior medium; it can only mean an arrest in the production 
of effluvia (exhalations or radiations) and thus suppresses 
the attractive action exercised on the Trichogrammas. 
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These facts, if one parallels them with the observations 
made on disharmonic acts (ovipositions in the little plant 
perlus), are suggestive, aside from a purely olfactory sense of 
the existence of a radio-like sense in the antennae and capable 
of distinguishing radiations like those of GURWITSCH. 

Parallel to the study of 7. cacaeciae, we have followed that 
of 7. evanescens (the typical form strongly pigmented) taking 
the forms evolving naturally in the eggs of Lepidoptera or in 
the eggs of Sialis. 

The cycle of 7. evanescens in the eggs of cabbage worms 
has normally 8 or 9 successive generations. It hibernates in 
the eggs of butterflies and undergoes a strong mortality. The 
first emergence does not take place until the end of April or 
the beginning of May, about a month after that of 7. cacaeciae. 

The sex ratio varies in this form to a very great degree. 
These variations generally fall among the lines of non-fertilized 
females reproducing by arrhenotokous parthenogenesis, and the 
number of the males in a given lot is also greater than the non- 
fertilized females of the preceding generation. The variations 
in some cases (observations upon certain lots from T. evanescens 
from Sialis) may also hold with what one finds in the presence 
of a mixture of thelyotokous lines (consequently exclusively 
females) and bisexual lines from arrhenotokous parthenogenesis. 

The determinism of poecilandry, notably with the Tricho- 
gramma from Sialis, has particularly attracted our attention. 
It is especially in relation to the system of exchanges necessitated 
by the physical-chemical nature of the egg of the host. 

T. evanescens from the observed natural sources (eggs of the 
cabbage Lepidoptera, eggs of Sialis) are very far from showing 
an equal attraction to all the insect eggs which may be offered 
to them. The eggs of Cacaecia in particular even during the 
embryonic period of ‘‘cinitique’’ activity are less attractive 
than the eggs of Mamestra, and their attractive power upon 
them is only exercised in an irregular way and under limited 
conditions; when in experimental rearings the eggs of T. 
evanescens are found in their interior, the eggs of the parasite 
cannot continue their development and the genetic conditions 
of the parasite are such that it cannot adapt itself to the change 
of diet provided by exterior medium, so slow and so special, 
which it finds imposed upon it by the egg of the host having an 
estivo-hibernal diapause. 
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What is the degree of independence of the two biotypes 
defined by the names of 7. cacaeciae and T. evanescens from 
the specific point of view? To decide this question, we have 
made a series of tests destined to provide information as to the 
possibility of crossing the two forms. ‘These tests have shown 
that the matings can be produced on the one hand between 
T. cacaeciae females and 7. evanescens males and on the other 
hand between 7. evanescens females and 7. cacaeciae males, 
but that in both cases there is a mixture, the descendants 
presenting only the purely maternal characters. The offspring 
will then always remain parthenogenetic: female (except for 
exceptional males) in the first case (thelyotoky), and male 
exclusively in the second case (arrhenotoky). In both cases 
the males present a partial or complete functional inefficacy. 

Finally the last chapter has been consecrated to the 
abnormal or disharmonic acts of Trichogrammas and includes 
a discussion of the question of ‘‘false hosts.”’ 

Taken altogether, the result of the memoir indicates the 
interest that the study of Trichogramma has for general 
Biology. Well-known already by the commercial production 
which has been carried on in America in the warfare against 
the enemies of crops, we have just seen that they constitute 
a precious experimental material for the biologist and the 
physiologist. To show this, it is only necessary to recall the 
ease with which rearings are carried on, the rapidity with which 
generations succeed each other, the variations of rhythm which 
we can voluntarily impose upon the annual cycle, the different 
methods of their reproduction—parthenogenetic or bisexual— 
the responses which they give in the categories of sensorial 
excitations which are still only slightly understood. Finally, 
in placing in our hands the possibility of making the rep- 
resentatives of a given species undergo early development in a 
biological medium which differs according to the nature of the 
host, these parasites appear to us eminently favorable for the 
study of phenomena which indicate a line of knowledge, the 
far reaching effect of which Yves Delage has shown as early as 
1895 upon his theory of actual causes, and which has recently 
been given the name of Phenogenesis on account of the bearing 
which it establishes between genetics and the study of internal 
or external factors of development. 

From the point of view of applied biology and of the service 
rendered by these parasitic insects in the struggle against the 
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enemies of crops, we have pointed out the eminently useful 
role, which is too often misconceived, which the Trichogrammas 
play under natural conditions. The great mortality which 
decimates them during the winter, however, justifies the 
industrial rearings which have been carried on in different 
countries to make use of them in the protection of crops in as 
precocious a manner as possible. 

We have also called attention to the greater or lesser speciali- 
zation which the different natural lines or biotypes of the same 
species may present in parasitizing the different determined 
hosts: there is then a chance of exercising a choice for the 
rearing of material beforehand which served for artificial 
multiplication in order to combat this or that injurious species; 
they will be found where possible in the natural lines maintained 
by the pest which one is trying to destroy and having lived 
under ecological conditions similar to those which recall the 
evolution of the latter. In spite of the sufficiently great 
constancy in their characters which they appear to offer along 
natural lines, it is important to take particular care lest by too 
prolonged rearing in the eggs of a host which differs radically 
from that against which they wish to use the parasite, one 
should not finally find oneself in the presence of a population 
more or less desensitized towards the enemy one is trying 
to combat. 








A STUDY OF THE POLYMORPHISM IN 
FORFICULA AURICULARIA L. 


RENAUD PAULIAN, 
(Research Fellow of the Commercy Fund), 
9 Rue Auguste Langon, Paris XIII*, France. 


The common European earwig (Forficula auricularia L.) 
bears at the end of the abdomen a pair of cerci named ‘‘pincers’”’ 
or ‘‘forceps’’ which vary with the sex. Bateson and Brindley, 
Djakonov and, lately, Huxley studied the size variation of 
these forceps in the male and they drew from their researches 
the conclusion that two different forms of males exist. If we 
take the analysis by Huxley of Djakonov’s measurements we find 
that 10 per cent of the specimens studied belong to a ‘‘high”’ 
type, 35 per cent to a ‘“‘low”’ type, and the remainder is made 
up of intermediate forms. 

In opposition to these authors, Kuhl, studying material 
collected very carefully in various points of Germany, found 
almost no indication of the existence of polymorphism. Kuhl 
explains the results of the preceding authors by supposing that 
the material they used had been unconsciously selected for 
high and low males, when it was collected. 

This apparent contradiction between the results of Kuhl 
and Djakonov and Huxley has a very great importance for the 
study of genetic and trophic polymorphism as I have defined 
them in a series of publications. I judged it was important 
to renew the study of the question with material collected most 
carefully in order to exclude any possible unconscious choice 
of the specimens. 

I used in this work two distinct series of male ear-wigs. The first 
consisted of 462 males collected on the 23rd of August, 1935, in the 
morning at “‘l’ile d’Yeu (Vendée)” in a small space of about 200 square 
meters, between “‘l’Anse des Broches” and the “‘Sémaphore du But” on 
small sand dunes covered with Carex and Matthiola, under the small 
heaps of Fucus and Laminaria left there to dry. The ear-wigs were 
particularly numerous among the half-fermented branches of these 
seaweeds tightly packed together. The second series consisted of 317 
males collected on September 18th of the following year at “‘l’ile d’Yeu 
(Vendée)”’ in the partly rotten pine stumps of the small pine-tree wood 
known as “Fort Gauthier.” 

This material (all the specimens seen in a given area being collected) 
may be considered as giving a satisfactory statistical aspect of the 
homogenous population, assuming that all specimens have approxi- 
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mately the same behavior. Such being the case this material answered 
the requirements set out by Kuhl. 

These populations have a low size average; the mode for body size 
was at 11 or 12 mm. instead of 14 mm. as for the material studied by 
Djakonov. Considered superficially these populations were much 
nearer to those studied by Kuhl than to those studied by the Russian 
and English authors. The frequency curves for forceps length of the 
populations as a whole are graphed below (Graph 3). 

In this paper I shall not make use of the terms “high” and “low” 
males as, in the biometrical studies of Crustacean growth (this last 
study being much more advanced than the study of the growth of any 
other Arthropods) these words are used to differentiate males having 
undergone the sexual maturity moult from those who have yet to 
undergo this moult. In this case, the words high and low serve to 
distinguish two physiologically different stages in ontogeny. In 





GraPH 1. Frequency curves of the forceps length for the two male forms of 
Forficula, considered separately. The scale differs for the two forms so 
as to have them near enough on the same graph. 


metabolic adult insects these physiological differences are non-existing, 
and whatsoever may be the size of the sexual variants yet all the animals 
are sexually adults. So as not to introduce a confusing nomenclature 
in this question, I shall use, to distinguish the different males, the 
terms M. males (macrolabia males or major males) and C. males 
(cyclolabia males or minor males). The terms macrolabia and cyclo- 
labia were used by the first authors to separate two morphologically 
different forms of male ear-wigs and we shall see further that the 
biometrical study bears out the conclusion of the morphological study. 

The forceps of the cyclolabia form are strongly curved, with a 
strong, multi-dentate base; the forceps of the macrolabia form are, on 
the contrary, thinner, nearly straight, with a relatively feeble and 
paucidentate base. We may separate the male specimens on this 
morphological basis and study separately the allometry of the two forms. 

The frequency curves for both forms considered separately are 
graphed on graph 1, the allometry curves for both forms are graphed on 
graph 2 and the numerical data are given on Table I. 
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We may, first of all, note that for both forms the allometry relation: 
y=bx* 

gives a very correct representation of the relative growth if y, size of 

organ, is plotted against x, body size. The two curves resulting are 

very clearly different, the degree of allometry differing widely. The 

allometry of the macrolabia form is such that @ is 3.33, while for the 
cyclolabia this same term is only 0.86. 





GraPH 2. Allometry curves of the forceps of the two forms considered 
separately. Logarithmic scale. 


In the smaller specimens both forms have the same forceps size 
but the morphological differences, though slight, are still notable. 


TABLE I 


LENGTH IN MILLIMETERS OF THE FORCEPS OF BOTH FORMS OF THE MALES OF 
Forficula auricularia L. 


Form C. Form M. 





ELYTRON LENGTH i ees fa ane aa 
N. Indiv. Forceps 1 | N. Indiv. | Forceps 1 
1.83.. me: 2, SR Bisencacun licnciiamehiatnn 
BONG cc's a0 Wig pie id wikws wists ke aah ee OR ee | coward 8 3.05 
2.00... 66 2.82 15 3.47 
2.12.. 22 2.95 10 | 4.27 
2.25.. 5 3.15 12 4.87 
2.36.. 9 | 3.30 10 | 6.00 
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The frequency curves of both forms are also very different. For 
the cyclolabia form the frequency curve is only slightly dissymetrical 
(calling to mind the skew distribution noted by Hemmingsen) and 
follows rather closely the Gauss curve. For the macrolabia form, on 
the contrary, the frequency curve is irregular, much too flat and seems 
to correspond to a polymorphic group of individuals. Similar curves 
have been noted by various authors for Holometabolous Insects, 
particularly by Bateson for Xylotrupes gideon. As the allometry of the 





| 











1937] Paulian: Polymorphism in Forficula 561 


macrolabia: form is very high one might suppose that the abnormal 
length of the frequency curve is due to this allometry. In fact, if 
instead of graphing the forceps size, we use the value of the “rapport 
caracteristique” b to establish the frequency curves! we get a curve 
much more regular than the initial one; this new curve follows very 
nearly the Gauss curve. 


V. Tndewr, 





Te oe 


Foreape 0. mm 


GRAPH 3. Frequency curves of the forceps length for the populations 
as a whole. 


So we see that the study of the morphologically different forms of 
male Forficula, shows the existence of two distinct forms of male. 
Each of these forms follows the allometry law and any polymorphism 
existing inside these forms is a purely trophic one. 

If we now consider the populations as a whole from the standpoint 
of the frequency of forceps-size, we get distinctly bimodal curves 
(graph 3). This bimodality is less marked than in the curves published 
by the Russian and English authors. 

The per cent of large specimens is very low and from this point 
of view, as stated above, this population seems intermediate between 
the English and Russian populations on the one hand and the German 
populations on the other. 





oe y 
1b is given by: b=—— 
x@ 
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The right peak (high sizes) of the general frequency curves groups 
only individuals of the macrolabia forms. On the contrary the left 
peak (low sizes) groups individuals of both forms. This part of the 
curve is composed of all the cyclolabia individuals of whatsoever size 
they may be, on the one hand, and the small individuals of the 
macrolabia form on the other. 


CONCLUSION 

In the male Forficula auricularia two forms, based on 
morphological differences in the forceps, exist. These two 
forms follow, severally, the allometry law. They are distinct 
throughout the whole size range from the morphological stand- 
point. On the contrary, the biometrical analysis cannot 
enable us to separate the smaller specimens belonging to the 
two forms. These results are comparable to those obtained 
by the study of holometabolous insects. They may be com- 
pared to the well-known case of the two forms of females in 
Dytiscus marginalis, one of these having sulcate elytra and the 
other having smooth elytra; their geographical distribution is 
also different. They bring also to mind the facts which I 
published previously in Onthophagus taurus and in Eury- 
trachelus. But in this last genus the different forms cannot 
be separated, morphologically or biometrically, under a certain 
size. 

It may be of interest to note here that the type of poly- 
morphism observed in Forficula auricularia is similar to that 
found in Pseudochelidura sinuata Germ. and other Dermaptera. 
Here again as in the Lucanids and the Onthophagids, the 
polymorphism assumes a definite form in the genus or the 
systematic unit. 
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SOME NORTH AMERICAN RELATIVES OF APHALARA 
CALTHAE LINNAEUS 


(Homoptera: Chermidae) 


Joun S. CALDWELL, 


Ohio State University, 
Columbus, Ohio 


Although all published data and records indicate that 
Aphalara calthae Linnaeus occurs in North America, to the 
best of my knowledge there are no authentic records or data 
for these conclusions. All members of this genus with an 
elongate, cylindrical clypeus have been considered to be calthae 
Linn. with the exception of A. nubifera Patch recognized as a 
distinct species by Miss Patch and Mally’s polygoni recognized 
as a distinct species by Mr. Mally and the recognition cor- 
roborated by Miss Patch; however the polygoni of Forster 
according to European investigators is synonymous with 
calthae Linn. and consequently Mally’s polygont has been 
considered synonymous with calthae Linn. 

Through the courtesy of Mr. Laing of the British Museum of 
Natural History the writer has received European specimens of 
A phalara calthae Linn. determined by Mr. Laing who has based 
his interpretation upon the determination of Douglas, Eger, 
and Edwards. Mr. Oman of United States National Museum 
has also furnished specimens of European calthae, determination 
unknown, along with specimens from continental North America 
and Cuba. A comparison of European forms with our North 
American forms reveals that Aphalara calthae Linn. is not 
represented in the collections from this country as yet. 

It is impossible to accurately trace the synonomy of our 
related species without knowing which species various workers 
have had before them which they called calthae, this probably 
embraces most of our North American species, consequently no 
synonomy is attempted. 

Separation into species is based on the differences in the 
genitalia, especially the forceps and oedeagus in the male and 
the circum-anal ring and the general form and proportions of 
the valves in the female. The shape and the degree of arch 
in the vein Cu; are slightly different in most species and the 
coloration of either forewing or body are sometimes reliable 
characters. 
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The differences in the genitalia are quite apparent and seem 
to be relatively constant in those species represented by a large 
series of specimens, in species not represented by a large series 
and whose characters are not radically differentiated we may 
only assume that the morphological differences are constant. 
The writer has made a conscientious attempt to be conservative 
and base species conception on characters and data that elimi- 
nate possible doubt, consequently a few groups arise that are 
given varietal ranking even though they are readily differ- 
entiated from their species by structural characters. The 
writer has before him three nymphs structurally different but 
there is no data as to which species these nymphs belong, 
consequently these cannot be named at present. 


Aphalara calthae Linnaeus 
(Pls. I and IT) 


Length, to tip of forewing, 2.6 mm.; forewing, 2.2 mm. 

General color orange to red-orange; light median stripe present on 
prescutum; six light stripes on scutum, sometimes with two median 
stripes fused into one large blaze. 

Forewing over two and a half times as long as broad, clear; dark 
spot present at termination of Cue. Anal vein finely serrate. 

Male forceps with cephalic margin relatively straight, caudal margin 
longer than cephalic and slightly bulged for apical third, apex obliquely 
truncate with notch apparent between forcep proper and anterior- 
mesal process in lateral aspect; anterior-mesal process distinct, with 
rounded apex in lateral aspect. 

Female genitalia with dorsum of dorsal valve evenly and gradually 
arcuate in lateral aspect, pubescence short. Circum-anal ring gradually 
and gently expanded in width on caudal arc. 


Description based on two male and two female specimens 
bearing the following data: West Coll., Brit. Mus., 1919, 
339, No. 5018. 


Aphalara simila n. sp. 
(Pls. I and II) 

Length to tip of forewing, 2.6-3.2 mm.; forewing, 2.2-2.3 mm. 

General color similar to calthae. Head greatly deflexed; thorax 
strongly arched. Forewing two and a half times as long as broad, 
hyaline; Cu; more arched than in calthae, distance between marginal 
termination of Cu; and Cue greater. 

Male forceps very similar to calthae in having the sides subparallel 
with the caudal margin bulged apically in lateral aspect; differing by 
having the apex less obliquely truncate, the anterior-mesal process 
projecting more cephalad and less distinctly separated from forcep. 
Oedeagus less angulate with heavier basal portion. 
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Female genital segment longer than in calthae, apical third of dorsal 
valve somewhat proboscis-like and slightly bent ventrad. Circum-anal 
ring of even width for entire circumference. (Two pores). 


Male holotype and female allotype collected by D. M. DeLong 
at Shoshone Basin, Idaho, VII-27—30 are in his collection at 
Ohio State University. A long series of paratypes from 
California, Colorado, Idaho, Oregon, Utah, Washington, and 
Wyoming are in the collections of the U. S. National Museum, 
D. M. DeLong and Herbert Osborn. 


Aphalara persicaria n. sp. 
(Pls. I and IT) 


Colored similar to calthae. Forewing at least two and a half times 
as long as broad, hyaline, sometimes with a suggestion of fumation in 
apical portion; termination of all veins darkened; Cu; highly arched; 
anal vein finely serrate. 

Male forceps short, sides subparallel, apex squarely truncate; 
anterior-mesal process subrectangular, not quite reaching to apex of 
forcep. Apical portion (Segment?) of oedeagus longer than forceps; 
shank rather long and straight, apex strongly hooked. 

Female genitalia with dorsum of dorsal valve sinuate caudad to 
anal-opening; apex of valve rather suddenly narrowed near tip to 
somewhat nose-like apex. Ventral valve almost equalateral-triangular 
in lateral aspect. Circum-anal ring greatly expanded caudally, apron- 
like; caudal margin feebly bilobate. 

Studied from a series of 100 specimens from Auglaize Co., 
Maumee Co., and Pickaway Co., Ohio. Male holotype, reared 
in Pickaway Co., Ohio, VIII—1-36 on small lady’s thumb, 
Persicaria persicaria L., and female allotype, collected in Pick- 
away Co., Ohio, VIII—25-35 by the writer, are in his collection. 
Paratypes are in the Herbert Osborn collection, the DeLong 
collection, the Ohio Biological Survey collection and the writer’s 
collection at Ohio State University, and the U. S. National 
Museum at Washington, D. C. 


Aphalara persicaria var. cubana n. var. 
(Pl I) 


Length to tip of forewing, 2.4-2.6 mm.; forewing, 1.8—2.2 mm. 

Appearing smaller and darker than persicaria. Forewing almost 
three times as long as broad, hyaline with a decided dark spot at the 
termination of Cus. Arch of vein Cu; very similar to the typical 
Persicaria persicaria. 

Forceps of the male more obliquely truncate than in persicaria. 
Female genital segment very similar except that the contour of the 
dorsal valve in lateral aspect has the curve less pronounced, the apex 
of the valve is heavier, and the caudal expansion of the circum-anal 
ring is less extensive and lies on a concave plane rather than convex. 
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Description based on male holotype (No. 52216), female 
allotype one other male and two other female specimens from 
Havana, Cuba, (Baker). Types are in the U. S. National 
Museum. 


Aphalara nigra n. sp. 
(Pls. I and II) 

Length to tip of forewing, 2.5-2.8 mm.; forewing, 2.2 mm. 

General color chocolate-brown to black; vertex sometimes margined 
with gray; two light spots present on pronotum; prescutum with a light 
median blaze; scutum with four light stripes. 

Forewing less than two and a half times as long as broad, slightly 
rugose, colored brown throughout. 

Forceps of male with cephalic margin straight; caudal margin 
strongly bulged for apical third, apex sinuate and elevated caudad; 
anterior process apparently entirely fused to forcep. 

Dorsum of dorsal female valve strongly indented at mid-length. 
Circum-anal ring elongate-oval in form, two pores in width for entire 
circumference except for abruptly expanded caudal area which is four 
to seven pores in width. 


Described from types in a series of 31 specimens collected 
by Mr. H. E. McClure at Churchill, Manitoba, during July 
and August. 

Male holotype and female allotype are in the Ohio State 
University collection. Paratypes are in the McClure collection 
at Peru, Ill., and the writer’s collection at Ohio State University. 


Aphalara dentata n. sp. 
(Pls. I and II) 

Length to tip of forewing, 2.5-2.9 mm.; forewing, 2.-2.5 mm. 

General color darker than calthae. Forewing about two and a 
half times as long as broad; entire membrane yellowish with a subapical 
brown band tending more toward the commissural margin than costal, 
brown spot present on commissural margin before termination of Cus. 
Cu; rather arched, making the cubital cell rather broad for its length 
(about a 1:2 ratio). 

Forcep of male with long anterior-mesal process prominently 
separated from forcep; apex of forcep-proper rather broad and slightly 
peaked caudad. 

Female genitalia with dorsum of dorsal valve greatly lowered caudad 
to anal-opening; apex of caudal half of valve bent ventrad, very 
prominently proboscis-like. Circum-anal ring with broadly expanded 
apron lying in an almost perpendicular position on dorsum of valve. 


Described from types in a series of fourteen specimens from 
Placer Co., Calif., Sept., (A. Koebele), and one specimen from 
Medicine Bow, Wyoming. Types are in the U. S. National 
Museum. Holotype (No. 52217). 
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Aphalara maculata n. sp. 
(Pl. I) 


Length to tip of forewing, 2.-2.4 mm.; forewing, 1.6-1.9 mm. 

Appearing as dark as dentata. Forewing almost two and a half 
times as long as broad; prominent dark brown band present subapically 
with heavy brown maculae extending along apical extensions of veins; 
large brown area present on commissural margin before termination of 
Cue tending to unite with the base of the subapical band. 

Male forceps with anterior-mesal process distinctly but not widely 
separated from forcep; apex of forcep appearing peaked, more so than 
in other known males of related species. 

Female genitalia short. Dorsum of dorsal valve straight for more 
than half length then abruptly proceeding ventrad at an obtuse angle. 
Circum-anal ring two pores in width for entire circumference. 


Male holotype (No. 52218), female holotype, and one imperfect 
specimen bearing the following data: Nevada Co., Calif., Castle 
Rock, Sept., A. Koebele, are in the U. S. National Museum. 


Aphalara confusa n. sp. 
(Pls. I and II) 


Length to tip of forewing, 2.5-2.7 mm.; forewing, 2. mm. 

General color and markings of calthae, possibly lighter. Forewing 
less than two and a half times as long as broad, hyaline; Cu: usually 
very highly arched, distance between termination of Cu; and Cue 
very short. 

Forceps of male relatively broad for length; anterior-mesal process 
very widely separated from apex of forcep in lateral aspect. Apical 
portion of oedeagus relatively short, more so than in other known 
members of this group. 

Female genitalia resembling simila except that apex of dorsal valve 
is less extended proboscis-like, in this respect it bears close resemblance 
to calthae. Circum-anal ring of even width for entire circumference. 


Described from types in a series of four male and sixteen 
female specimens from Yellowstone National Park, Wyoming, 
VII-4-30, DeLong. Types are in the DeLong collection at 
Ohio State University. 


Aphalara curta n. sp. 
(Pls. I and II) 


Length to tip of forewing, 2.6—2.9 mm.; forewing, 2.1-2.2 mm. 

General color appearing more red than calthae. Forewing less 
than two and a half times as long as broad; dark areas usually present 
at terminations of all veins; subapical faint brown cloud usually present. 

Forceps of male with sides subparallel to slightly divergent apically 
in lateral aspect; anterior-mesal process long, widely separated from 
apex of forcep giving the total apical portion of the forcep a pincer-like 
appearance in dorso-lateral aspect with the forcep proper the heavier 
of the two arms. 
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Lateral aspect of female genitalia resembling calihae except for 
depression in center of dorsum of dorsal valve and longer pubescence. 
Anal-opening large. Circum-anal ring gently expanded caudad apron- 
like; apron smaller than in Joca and larger than in calthae, usually 
slightly larger than anal-opening. 


Male holotype from Tomah, Wisconsin; female allotype, 
Sparta, Wisconsin, both taken in April by J. G. Saunders, 
are in the DeLong collection at Ohio State University. Para- 
types from Kansas, Nebraska, Colorado, Arizona, Iowa, South 
Dakota, Utah, Wyoming and Wisconsin are in the U. S. 
National Museums. DeLong and Herbert Osborn collections, 
Columbus, Ohio. 


Aphalara curta var. californica n. var. 


Differing from the typical curta curta by slightly smaller size and by 
having the female ganitalia with the dorsum straighter in lateral aspect. 
Circum-anal ring with caudal apron usually less broad and smaller, 
usually smaller than anal-opening. 


This variety is represented by a series of specimens from 
Alameda, Calif., (Koebele) and from Fish Camp, Calif., (Beery). 
Types are in the U. S. National Museum except two paratypes 
in the writer’s collection. Holotype (No. 52219). 


Aphalara loca n. sp. 
(Pls. I and IT) 


Length to tip of forewing, 2.-2.6 mm.; forewing, 1.8-2.3 mm. 

General color dark, usually with a more red appearance than calthae. 
Forewing almost two and a half times as long as broad, hyaline, some- 
times with an indistinct subapical cloudy band; marginal terminations 
of veins usually darkened, especially Cue; cubital cell similar in shape 
and form to persicaria. 

Male forceps with anterior-mesal process widely separated from 
forcep, not reaching apex of forcep. Entire apex of forcep appearing 
pincer-like in dorso-lateral aspect. The male may be confused with 
curta but the forcep is usually smaller proportioned and the anterior- 
mesal process is usually shorter. 

In profile, the female genitalia resembling curta but easily dis- 
tinguished by the small round anal-opening and the caudal extension 
of the circum-anal ring into a very large apron. 


Holotype male from Ft. Collins, Colo., and female allotype 
from Ontario, Calif., are in the Herbert Osborn collection, 
Ohio State University. Paratypes from California, Arizona, 
Colorado, New Mexico, Illinois, Iowa, Oregon, Tennessee, 
Washington State and Washington, D. C. are in the U. S. 
National Museum collection and Herbert Osborn collection, 
Ohio State University. 
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Aphalara nubifera Patch 
(Pls. I and IT) 


Length to tip of forewing, 2.9 mm.; forewing, 2.3-2.4 mm. 

Specimens on slides, color and markings unknown. Forewing less 
than two and a half times as long as broad, markings similar to curta 
except that dark area on anal vein mid-way between base and termina- 
tion of Cup is more prominent, edge of vein along dark area distinctly, 
minutely serrate. 

Forceps of male mounted in balsam so that only cephalic aspect can 
be noted. Anterior-mesal process much lower than apex of forcep and 
apparently widely separated. 

Female genitalia much longer and larger than in any known related 
species. Specimen mounted on slide, shape and structure of circum- 
anal ring undetermined. 


One male logotype (?) consisting of two forewings, one head, 
one abdomen, and broken genital segment, with data, Ft. 
Collins, Colo., VI-13-99, host Sisymbriam canescens, is in the 
Gillette collection at Ft. Collins, Colo. 

One whole female allotype (?) bearing the same data is in 
the collection of Miss Patch at Orono, Maine. 

With the above mentioned types I associate specimens of 
the U. S. National Museum from Colorado, Utah, and Wash- 
ington, but with only the profile of the female genitalia, the 
cephalic aspect of the male forceps, and the forewing characters 
to rely upon, the determination is not absolutely reliable. 
In Plates I and II are views of the circum-anal ring and lateral 
aspect of the forceps of the associated specimens. 


Aphalara nubifera Patch var. reducta n. var. 


Length to tip of forewing, 2.8 mm.; forewing, 2.3 mm. 

General color light orange. Forewing less than two and a half 
times as long as broad; markings similar to nubifera except much 
denser; Cu; highly arched which is contrary to mubifera and associated 
specimens. 

Length of female genitalia approximating that of nubifera nubifera 
(0.44 mm.). Dorsum of dorsal valve straight after lowering from 
anal-opening. Circum-anal ring two pores in width to caudal half, 
thence irregularly three and four pores in width. 


Holotype female in the Herbert Osborn collection, Ohio State 
University, with the following data: Me. Ag. Exp. Sta., VI-27- 
1916. 








Aphalara PLATE I 


John S. Caldwell 
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Aphalara Piate II 
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SOME ERYTHRONEURA OF THE MACULATA GROUP 
FROM DECATUR, GEORGIA 


(Homoptera, Cicadellidae) 


DorROoTHY JOHNSON KNULL, 
321 20th Ave., Columbus, Ohio 
AND 
Mary AUTEN, 

Ashland College, Ashland, Ohio 


Descriptions of nine new species of Erythroneura of the 
Maculata Group are included here. Unless otherwise indicated 
all collections were made in the vicinity of Decatur, Georgia, 
by Dr. Mary Auten.! 

All specimens are deposited in the collection of the authors 
in Columbus, Ohio. 


Erythroneura distincta n. sp. 
(Fig. 1) 


General ground color semihyaline to yellowish white, marked with 
orange. Vertex longer than width between eyes, an elongate median 
orange oval, heavy and touching base, encloses small pale area, thin 
lateral orange arms project from this oval at middle, extend to eyes, 
eyes narrowly margined to base of vertex with orange; apex of median 
oval of vertex joins median projection of pellucid orange face at apex 
of vertex, large lateral ovals of the ground color cover side margins of 
vertex and in their centers include small ocellus-like spots; pronotum 
about as long as wide, median triangular spot heavy at base, reaching 
front but not posterior margin, spots behind eyes heavy and deeper 
orange than other color markings; scutellum with tip orange and basal 
angles pale yellow; elytra shining, markings indistinct, clavi with basal 
anchor-shaped spot narrow at middle and spot before tip, coria with 
quadrate spot beside plaque and projections at anterior margin of 
plaque, another diagonal vitta from posterior margin of plaque to apex 
of clavus; outer crossveins tinged with red, dark spot at base of cell M, 
oval, small, distinct; apical cells faintly dusky; center pale yellowish 
white. 

Genitalia: Pygofer hook single, very stout, short, not reaching tip of 
pygofer, tapering evenly on outer third to sharp point. Style with very 
large thin foot; heel projecting, less than a right angle; base almost 
straight; anterior point short, sharp, less than right angle, projecting 
latero-cephalad; posterior point long, thin, two-thirds length of foot, 
sharp-pointed and turning out, meeting base at more than right angle. 





1Erythroneura of the Obliqua Group from this area were discussed by the 
authors in Ann. Ent. Soc. Amer. 29: 61-65, 1936. 
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Oedagus from lateral view long, almost straight, with lateral projection 
starting behind base and equal in width to tube; from ventral view 
heavy to just before apex, where it broadens and two sharp lateral 
projections are formed, leaving apex of tube bare. 


This species resembles E. usitata Beamer somewhat in inner 
male genitalia, but the posterior point of the foot is shorter 
and there are lateral projections on the oedagus. 

Male (holotype), iv-25-34. 


Erythroneura pallida n. sp. 
(Fig. 2) 

A pale, stout species with broad head; background white to semi- 
hyaline with pale yellow color markings. Vertex with mere suggestion 
of vittae, broad, impressed longitudinal median line of vertex distinct; 
eyes pale gray; pronotum, median Y-shaped vitta indistinct, stout, not 
touching margins, arms as long as base but not as broad, spot behind 
each eye; scutellum pale with orange tip; elytra shining, whitish semi- 
to subhyaline with markings obscure, yellowish, small round black spot 
at posterior margin of plaque, striking large round black spot at base of 
cell M,, outer crossveins and longitudinal veins washed with bright red, 
apices subhyaline. 

Genitalia: Pygofer hook divided near base, stout, inner portion 
extending slightly beyond tip of pygofer, curved out decidedly on outer 
half, parallel-sided, tapering to sharp point at apex; outer portion half 
length of inner, tapering from base to sharp tip, curving in slightly. 
Foot of medium size with heel projecting a little; anterior point a right 
angle; practically no posterior point. Oedagus from lateral view thick, 
almost straight, curved slightly dorsad, of medium length, tip rounded; 
from ventral view of medium length, heavy, straight, tip rounded. 


The inner male genitalia resemble those of E. impar Beamer 
but differ especially in that the inner portion of the pygofer 
hook curves out and the outer portion is straight. 

Male (holotype), female (allotype and paratype), iv-24-34. 


Erythroneura compressa n. sp. 
(Fig. 3) 


Ground color whitish semihyaline with yellowish tinge on anterior 
part, color markings orange. Vertex long and narrow, three elongate 
oval spots of ground color on disc enclosed by fairly heavy orange 
vittae, the median one twice the length of the outer ones, apex with two 
large lateral ovals of ground color containing ocellus-like spot near 
middle, separated by median projection from orange face which joins 
apex of median vitta of vertex; pronotum with elongate heavy central 
Y-shaped vitta, the base longer than the arms but not reaching hind 
margin, arms touching anterior margin, marks behind eyes extending 
along front margin almost to arms of Y; scutellum with base pellucid, 
apical angle with orange spot at tip; elytra whitish semihyaline, mark- 





574 Annals Entomological Society of America [Vol. XXX, 


ings indistinct, clavi with fairly large basal anchor-shaped spot and 
elongate spot at apex; coria with irregular faint vitta around anterior 
part of plaque and blotch just below apex of clavi; crossveins reddish 
orange, round black spot of medium size at base of cell M, and smaller 
round spot in posterior end of costal plaque; veins of apices reddish 
orange and cells faintly fumose; venter yellowish white. 

Genitalia: Pygofer ‘hook short and stout, straight, thicker at middle 
third with spines on inner edge, tip nz :rrowed and slightly incurved. 
Style with large narrow foot; heel prominent, less than right angle; base 
straight; anterior point short, sharp, turned up; posterior point very 
thin, one-third length of foot, forming about a right angle with base. 
Oedagus from side view broad at base, curved distinctly dorsad, suddenly 
narrowed to small up-turned tip; from ventral view heavy, basal half 
equilaterally triangular, tube swollen slightly at apex. 


The genitalia resemble those of E. uncinata Beamer, differing 
chiefly in the shape of the pygofer hook. 
Male (holotype) and female (allotype), v-5-34. 


Erythroneura delongi n. sp. 
(Fig. 4) 


General ground color creamy white with extensive bright red color 
markings. Vertex about as long as width between eyes, five rounded 
spots of ground color separated by narrow vittae, the median one 
elongate; eyes black; pronotum, median Y reaching both margins, base 
and arms of about equal length, base heavy, triangular spot behind each 
eye; scutellum with basal angles and tip red at their apices; elytra 
extensively marked, clavi with median anchor-shaped spot starting 
below humeral margin and with prominent hook which does not reach 
suture, a diagonal extension of this starts just below anterior part and 
extends to outer edge, a spot near but not attaining apex of clavus, a 
large rectangular spot on adjacent coria between anchor and apical 
spots of clavi has a diagonal extension out, bordering plaque on anterior 
margin and spreading as it reaches outer edge; plaque with yellowish 
tinge and black elongate blotch along posterior margin, region before 
bright red crossveins more or less mottled with red, longitudinal veins 
reddish, apices fumose, especially near tips, black spot at base of cell M, 
round and of medium size; below pellucid orange, apical margin of 
vertex pale with pale narrow extension down center of face. 

Genitalia: Pygofer hook long, reaching beyond end of pygofer, 
thicker beyond middle, with S-curve, the upper part a much wider 
curve, heavily pigmented on outer half, apex sharp-pointed and slightly 
incurved. Style with short foot; base curved; heel small, not projecting; 
anterior point short, sharp, less than a right angle, projecting up; 
posterior point almost lacking, a right angle. Oedagus from side view 
thick, rather long, straight, parallel-sided, tip rounded and a little 
swollen; from ventral view a straight tube of medium length and 
thickness. 


The genitalia resemble those of E. propria Beamer from 
which they differ chiefly in the shape of the pygofer hook. 
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We take pleasure in naming this outstanding species for 
Professor Dwight M. DeLong. 


Male (holotype), female (allotype), iv-17-34, on Japonica, 
Campus Agnes Scott College, male and female (paratypes), 
iv-6-34, on Japonica, iv-14-34 and v-3-34. 


Erythroneura simplex n. sp. 
(Fig. 5) 

General ground color whitish, creamy white on anterior part, color 
markings orange. Vertex with vittae indistinct, pellucid yellow, more or 
less surrounding five roundish spots, about as long as width between 
eyes; eyes light gray; pronotum, median Y-shaped vitta not touching 
either margin, base heavy and bright orange, arms indistinct and paler, 
spot behind either eye; scutellum, basal angles yellowish, apex orange; 
elytra milky white with narrow orange markings, clavi with anchor- 
shaped spot narrow at middle and spot before tip, coria with diagonal 
dash below humeral angle, another broken vitta extending from just 
about tip of clavus to anterior margin of costal plaque, and a third 
extending from below apex of clavus to posterior margin of plaque, 
small black dot at posterior end of plaque, a large round one in base of 
cell M,, outer crossveins bright red, apices fumose; venter milky white 
becoming creamy white on head. 

Genitalia: Pygofer hook single, large, heavy and long, curving in 
gradually. Foot large; heel a right angle, scarcely projecting; base 
straight, curving a little at outer part; anterior point a right angle; 
posterior point a little longer than foot, tapering gently from base, 
curving so sharp tip is about even with tip of heel. Oedagus from lateral 
view stout at base, narrower on outer half which is turned slightly 
ventrad; from ventral view of medium length, stout, straight, slightly 
swollen on basal half. 


The oedagus resembles that of E. adunca Beamer and the 
foot of the style that of E. gemina McAtee. 
Male (holotype), iv-17-34. 


Erythroneura hyalina n. sp. 
(Fig. 6) 


A rather large species with creamy white ground color, semihyaline 
on elytra to hyaline on outer edge and tip; color markings orange. Ver- 
tex broader than long, disc with median clover-shaped area, lateral 
spots round, vittae narrow, pellucid orange; eyes dark gray; pronotum 
with narrow median Y-shaped vitta touching both margins, arms longer 
than base, spot behind each eye small; scutellum with yellow basal 
angles and orange apex; elytra with usual markings pale orange, rather 
indistinct and of medium size, a round black spot at posterior margin of 
granulate, hyaline plaque and slightly larger oval one in base of cell Mg, 
outer crossveins red, apices very faintly dusky. 

Genitalia: Pygofer hook stout, widening gradually from base to 
outer third where it divides; outer portion short, sharp and spine-like; 
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inner portion long, stout, its sharp apex turning out as it reaches tip of 
pygofer; the outer and inner portions connected by a smoothly rounded 
area. Foot large; heel prominent, a right angle; base curved; anterior 
point projecting, a little less than a right angle; posterior point of same 
length and less than half the width of anterior point, rather spine-like. 
Oedagus from lateral and ventral view long, narrow, straight, slightly 
larger at base. 


The inner male genitalia resemble those of EL. facota Beamer 
and differ in shape of foot and pygofer hook. 
Male (holotype), iv-17-34. 


Erythroneura vittata n. sp. 
(Fig. 7) 


Ground color yellowish white, semihyaline on elytra; color markings 
on anterior part pellucid yellow, on elytra reddish orange. Vertex as 
long as width between eyes, usual vittae pellucid, except apex of median 
oval which is orange; eyes light gray; pronotum with heavy median 
Y-shaped vitta almost touching margins, arms as long as base and half 
its width, spot behind either eye; scutellum, basal angles dirty yellow 
and tip faintly orange; elytra with bright vittae of the usual pattern but 
rather indistinct anteriorly, a round black spot at posterior end of 
plaque and a little larger one at base of cell M;, crossveins red, apices 
fumose; venter dirty yellowish, more or less pellucid. 

Genitalia: Pygofer hook long, thin, curving gently out on outer third. 
Foot of medium size; prominent heel, about a right angle; base straight; 
anterior point projecting, slightly less than a right angle; posterior point 
a little less than half length of foot, narrow, sharp, curving in roundly. 
Oedagus from ventral view large, broad at base, tapering to below mid- 
dle, tube slightly swollen at apex; from side, short, distinctly curved 
dorsad, fairly heavy, thicker at base. 


Genitalia resembling those of EF. curta Beamer, but with 
different oedagus and longer pygofer hook which turns out. 

Male (holotype), iv-17-34; male (paratype), Rotten Wood 
Creek, x-1-33. 


Erythroneura ventura n. sp. 
(Fig. 8) 


General ground color white, markings pale orange, rather indistinct 
especially anteriorly. Vertex about as long as width between eyes, vittae 
pellucid yellow, fairly thick, enclosing usual five rounded spots of 
ground color; eyes light gray; pronotum with median vitta V-shaped, 
not reaching either margin, pellucid orange, orange spot behind each 
eye; scutellum with basal angles and tip pale yellowish; elytra milky 
white basally, semihyaline toward apices, clavi with anchor-shaped spot 
almost divided at middle, spot before tip, coria with spots indistinct, a 
red dash at anterior border of plaque and a tiny round black dot at 
posterior margin, a dark oval spot at base of cell M,, outer crossveins 
bright red, apices faintly fumose. 
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Genitalia: Pygofer hook short, stout, not reaching tip of pygofer, 
tapering from middle to acute tip, curved in very slightly. Foot small; 
heel a right angle, scarcely projecting; base evenly, distinctly curved; 
anterior point less than a right angle, projecting laterad; posterior point 
a little longer than toe is wide, narrow, tapering to sharp tip and turned 
in a little. Oedagus from lateral view rather short, stout, rounded on 
ventral and straight on dorsal surface; from ventral view about square 
with rounded corners. 


The genitalia resemble those of E. misera Beamer, but differ 
in shape of oedagus and pygofer hook. 

Male (holotype), ix-24-33, female (allotype), same data and 
male specimen from holly. 


Erythroneura continua n. sp. 
(Fig. 9) 


Small, general ground color white; elytra shining, subhyaline, 
markings orange. Vertex as long as width between eyes, vittae pale, 
surrounding five roundish spots, the median one twice as long as the 
outer, median impressed longitudinal line distinct; eyes light gray; pro- 
notum with median Y-shaped vitta touching both margins, the base 
three times length of arms and of about same width, spots behind eyes 
small; scutellum with pale basal angles, apex pale orange; elytra almost 
hyaline, vittae separated into small, indistinct spots, black spot at base 
of cell M, round, very small, none at posterior end of plaque, veins of 
apices bright red and apical cells somewhat suffused with red. 

Genitalia: Pygofer hook long, narrow on basal half, widening just 
before middle to about twice basal width, then narrowing to sharp 
point; outer half slightly S-curved and turning in a little. Foot short, 
stout; hee] projecting, less than a right angle; base sinuate; anterior 
point projecting laterad, less than right angle; posterior point longer 
than foot, straight, heavy, forming about 45° angle with base of foot, 
sharp pointed with inner side tapering and outer straight. Oedagus 
from lateral view of medium length, straight, constricted at tip; from 
ventral view small, narrowly heart-shaped. 


Genitalia resemble those of E. certa Beamer, differing chiefly 
in shape of pygofer hook and oedagus. 
Males (holotype and paratype), McCurdy’s Pond, iv-14-34. 








A COMPARATIVE STUDY OF HEMIPTERA! 
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Insects belonging to the order Hemiptera are sometimes 
classified according to their food habits into five groups, viz.: 
the phytosuccivorous (plant-sucking), the predatory (pre- 
dacious), the algophagous (algae-feeders), the mycetophagous 
(fungus- feeders) and the haematophagous (blood-sucking). The 
writer has long been interested in knowing to what extent such 
a classification is justified on the basis of structural differentia- 
tion; hence, the present study. 

The relationship between structure and food habits should 
be of interest from the academic as well as from the practical 
point of view, and affords a desirable field for the study of the 
subject of adaptation. Some of the most striking evidences of 
adaptation, however, are often hidden beneath the integument 
and the student needs to probe below the surface and cut 
microscopic sections in order to comprehend more fully their 
meaning. Because of technical difficulties internal anatomical 
studies have thus far received comparatively little attention. 


I. ANATOMICAL REVIEW 
1. THe HEAD 


With the exception of certain modifications to be considered later, 
the general body plan is the same for all the members of this order. 
The chitinous integument is composed of a number of sclerites which, 
in some species, are solidly fused together, leaving no sign of a suture; 
while in others the margins of the sclerites are distinct and articulate. 
Internally, the head is supported by a framework of chitinous rods and 
plates formed by invaginations of the body wall during the embryonic 
stages. Supported by this framework and supplemented by numerous 
muscles the various organs are held firmly in place. A composite 
generalized drawing of a sagittal median section through an hemipteran 
is presented in Plate I. 

Any carefully made longitudinal or cross section of the head reveals 
a most interesting mechanical device in which the laws and principles 
of physics are utilized for the fulfillment of the primary function of the 


'To Doctor W. B. Herms, Head of the Division, and Doctor S. B. Freeborn, 
Assistant Dean of the College of Agriculture, I wish to express my most sincere 
appreciation for kind encouragement and assistance in this study pursued in the 
Graduate School of the University of California. 
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head—that of securing food for the body. A powerful suction pump. 
known as the pharynx, which serves to draw the liquid food into the 
stomach, is seen. Another pump, built on the principle of a force 
pump, acts as a syringe for the injection of the saliva, so essential 
for uninterrupted flow of the liquid food. There is a set of two long 
flexible tubes, formed by the maxillae, which make the connection 
between the pharynx and the source of food. These are operated by a 
system of protractor and retractor muscles. Another pair of bristle-like 
organs with recurved hooks, or saw-like teeth, are present and are known 
as the mandibles. These are operated by chitinous levers and muscles 
and serve for holding and lacerating the tissue from which the food is to 
be obtained. This type of mouthparts is a radical departure from 
those used in the more primitive method of taking food—that of lapping, 
biting or chewing. A large ganglion or brain, located above the pharynx 
and oesophagus, sends forth branches to the organs of vision, and another 
set conveys the sensory impulses from the antennae and organs of taste. 
Below the oesophagus a sub-oesophageal ganglion supplies the nerves 
controlling the movements of the mouthparts and their accessory 
structures. The thoracic ganglia are located in the pro- and meso- 
thorax, and control the locomotor appendages, and perhaps also the 
digestive and reproductive organs. 


2. Tur THORAX 


The second major division of the insect body is the thorax. This is 
subdivided into three parts: the prothorax, the mesothorax and the 
metathorax, each carrying a pair of legs. The fore- and hind-wings are 
borne by the meso- and meta-thorax, respectively. An endoskeleton, 
consisting of chitinous invaginations of the tergal, pleural and sternal 
regions of the body wall, is present. These invaginations are variously 
termed as endotergites, endopleurites and endosternites, respectively, 
and serve as attachments and support of the muscles which control the 
movement of the legs. 

Within the thorax are found two pairs of diverticulae of the 
alimentary canal. These are the salivary glands which serve to secrete 
venoms or digestive fluids, depending upon the food habits of the 
insects. In some forms these glands are large and conspicuous; while 
in other forms they are obscure and difficult to locate. They vary 
in their position in the thorax with the different species, and with the 
stage of development of the insect. Thus, in some species as the insect 
passes through the nymphal stages to the adult, their position shifts 
from the dorsal to the ventral side of the alimentary tract. The 
anterior are the largest and are called the principal glands. In many 
species they are divided into finger-like lobes or take on the form of 
clusters of grapes. The posterior glands are simple and serve as 
accessory organs of secretion, and perhaps also for the storage of the 
saliva. Two pairs of ducts lead from the principal glands; one pair 
leading to the accessory glands and the other to the salivary pump. 
Plate IV, figs. 13-16, shows various types of salivary glands of 
Hemiptera. 
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3. THe ABDOMEN 

The third division of the insect body contains the major part of the 
alimentary tract and the reproductive organs. It is similar to that of 
other insects and is made up of nine segments in the male and ten in the 
female. Of these five or six are plainly visible, while the others may be 
fused or modified to form the caudal appendages. It should be noted 
that in some forms the abdomen is capable of considerable distension, 
especially in the nymphal stages, a fact of importance with reference 
to the food habits and reproductive function of certain species. 

The alimentary tract is a relatively simple organ and varies in 
length with the different species. There are three well-defined regions 
generally designated as the fore-intestine (stomodeum), mid-intestine 
(mesenteron) and the hind-intestine (proctodeum). 

The fore-intestine comprises the pharyngeal duct, the pharynx and 
the oesophagus. The mid-intestine comprises the proventriculus, the 
stomach proper, and a constricted portion generally known as the 
intestine. The latter is in certain groups further sub-divided into 
three distinct regions which may be considered as secondary stomachs 
or digestive chambers. The hind-intestine is composed of two regions, 
the ileum and the rectum. The ileum, when present, is usually a very 
small bladder-like portion and bears the Malpighian tubules. The 
rectum is a thin muscular sac and contains the rectal glands. Into it 
empty the Malpighian tubules whenever the ileum is absent. In 
some species the rectum is enlarged by means of diverticulae or cul-de- 
sacs, which may be enormously distended at times. 


II. COMPARATIVE MORPHOLOGY 


1. THe Puytosuccivorous Forms 

The plant-feeding forms experience less difficulty in obtaining their 
food than do the predatory or the blood-sucking types. Their source 
of food is nearly always present, offers little resistance and does not 
attempt to avoid or escape the attack. Mobility and speed are not 
essential requirements in these forms. In fact, they may be char- 
acterized as normally awkward and slow in their movements. Definite 
structural characteristics distinguish this group from the others, both 
in regard to external and internal organs. 

External.—The head is short, more or less triangular in shape and 
capable of only limited movements. The antennae are long with 
their number of segments varying from three to five. The labium is 
always four-segmented, slender, and lies parallel to the ventral wall 
of the head in a resting position, with the first segment deeply buried 
between the bucculae at the base. It is capable of bending only by 
flexion at its joints. This limits its movements and makes them 
awkward, like those of the fingers of a Robot; while in the predatory 
and blood-sucking forms the movements of the labium approach the 
flexibility of a human finger. Throughout the whole process of feeding, 
the rostrum is in a vertical position. 

The setae (PI. II, fig. 1b) are located within the labial groove and 
are remarkable for their rigidity considering the fact that their diameter 
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is only slightly greater than that of a human hair. This rigidity 
probably accounts to some extent, at least, for the ability of the setae 
to penetrate the comparatively solid tissue of the plant. The depth to 
which the setae can be inserted is increased by shortening the labium, 
which is accomplished by flexion at the first and second joints and 
perhaps also by telescoping the segments into each other. 

Upon removal from the setal bundle, the setal tips have a tendency 
to curl inward. That such bending or curling also takes place when 
the setal bundle is inserted into the tissue is not at all improbable, 
and may be of considerable importance in maintaining the hold and 
giving support during the act of suction. The mandibles are provided 
with a serrated margin for cutting the tissue, and the maxillae are 
lancet-like with only slightly indented edges. In passing into the 
tissues the setae take a sinuous path, and the penetration may be 
either intra- or inter-cellular, depending on the species of insect and 
the kind of tissue. 

Internal.—A cross section through the setal bundle reveals two ducts 
of almost equal size, formed by the maxillae (PI. II, fig. 1b). Through 
one of these tubes, the anterior, the plant juices are sucked up into the 
stomach by the pharynx. Through the other, the posterior, the saliva 
is ejected by the salivary pump. With one exception, in none of the 
other groups are these tubes so nearly of the same size. This fact may 
be of significance in the food habits of the insect. Both the tubes are 
sufficiently large to be functional and capable of conducting con- 
siderable quantities of liquid through them. Since there is no com- 
munication between them, each duct can function independently. 
Thus there may be a constant stream of saliva going out through the 
salivary duct into the tissues simultaneously as the food is drawn 
into the oesophagus through the suction tube. This abundant supply 
of saliva probably facilitates pre-digestion. The saliva, according 
to Smith (1926), is capable of dissolving cellulose, and hence may 
serve to break down the cell wall so as to permit easy flow of the cell 
content toward the suction canal. 

The pharynx is the organ of suction, and is similar to that of other 
groups in the general plan of its structure. The muscles are attached 
to an extension or ligament of the dorsal wall or operculum of the 
pharynx. Two chitinous invaginations, or plates of the integument 
of the vertex of the head, give additional support to the muscles. Ina 
transverse section the arrangement of the muscles is somewhat like that 
of a feather (Pl. II, 1a). On the whole it is doubtful whether the 
power of suction in phytosuccivorous forms is equal to that of 
haematophagous types for instance. This opinion, even on casual 
observation, I believe to be sustained by the fact that while plant 
bugs suck juices to repletion their abdomen seldom, if ever, is distended 
like that of the haematophagous forms, such as the cone-nose or bedbug. 

In the epipharynx there is a group of sensory cells or glands which 
lead into the pharynx and function as organs of taste (the gustatory 
organs). 

The salivary pump is another structure which may be used to 
distinguish the phytosuccivorous insects from the others (PI. II, fig. 1). 
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It is a comparatively large, well developed organ, cylindrical in shape, 
its length being nearly twice its diameter. The posterior wall of the 
cylinder is invaginated to form a piston. Leading from the piston, 
there is a chitinous rod to which the pump muscle is attached. The 
latter divides into two branches which are attached to the posterior wall 
of the head. The piston returns because of its own elasticity and 
tendency of the cylinder wall to assume its original shape. 

The salivary glands of phytosuccivorous forms may be differentiated, 
in a general way, from those of other groups by their complexity (Pls. I, 
fig. 1; IV, fig. 14). The principal glands consist of numerous finger-like 
lobes, variable in size and number. The accessory glands are elongated 
and tube-like, except in the Capsidae where the distal end is bulbous. 
The saliva has been shown by Gruner (1901), Zweigelt (1914) and 
Davidson (1923) to contain starch-splitting enzymes of importance in 
pre-digestion. 

The alimentary canal is of moderate length, being approximately 
twice the length of the body, and presents structures which may be 
considered criteria for distinguishing the phytosuccivorous group. 
These are the gastric caeca (PI. III, fig. 8). 

The fore-intestine is like that of other forms, but the mid-intestine 
shows striking modifications of importance to the life of the insect. 
The mid-intestine may be divided into four well defined regions with a 
tendency for the two posterior ones to be greatly reduced in some of the 
more specialized forms. 

The stomach proper is a dilated capacious sac which is thrown into 
a number of folds when empty. In dissecting these forms one seldom 
finds any food material present in the stomach. The posterior end is 
of a greater diameter than the anterior and merges abruptly into the 
second division of the mid-intestine. This portion, a secondary stomach 
as it may be called, is slender, tubular, and of varying size, according to 
the species. It is generally, however, from one-half to twice the length 
of the stomach. The third division of the mid-intestine is usually 
dilated into a bulbous portion. The fourth is again tubular and bears 
the gastric caeca, which are organs of great importance, both from the 
phylogenetic and the nutritional point of view. The caeca (PI. III, 
fig. 8) have been studied in detail by Glasgow (1914) and by Kuskop 
(1924), who conclude that they contain organisms which inhibit the 
growth of foreign bacteria in the mid-intestine. The fact that these are 
always absent in the predatory group and also in the semi-predatory 
species would indicate that they stand in an important relationship to 
the food habits of the insect. The nicety of this adjustment may be 
illustrated by examples from two well-known families of the Hemiptera. 
Thus, within the family Coreidae in Anasa tristis (DeG.), a strictly 
phytosuccivorous species, the gastric caeca are well developed (PI. III, 
fig. 8); while in Leptocoris trivittatus (Say), (Pl. III, fig. 10), a species 
which feeds chiefly on plants, but which occasionally sucks juices of 
animals, they are absent. That the latter insect feeds on animal 
juices has been shown by various laboratory experiments, and reports 
from the field verify the same conclusion. Within the family Pen- 
tatomidae in Murgantia histrionica (Hahn), a plant-feeding form, 
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the gastric caeca are present; while in Podisus maculiventris (Say), they 
are absent. The predatory habits of the latter species have been 
studied by Baker (1927). In fact, all the members of the sub-family 
Asopinae of the Pentatomidae, to which Podisus maculiventris belongs, 
are semi-predatory and lack gastric caeca. 

The hind-intestine is composed of two divisions, the ileum and the 
rectum. The ileum is a more or less bladder-like reservoir in which 
the Malpighian tubules terminate. Between the ileum and the rectum 
there is a valve-like constriction which terminates in the rectum (Pls. I, 
III, fig. 8). The rectum is a muscular and very elastic sac, varying 
in size with the different species and within the same species. Often 
there is a diverticulum or cul-de-sac which may be greatly distended 
and occasionally nearly fills the abdominal cavity. 


2. THe PREDATORY ForMs 


Definite structural characteristics set the predatory forms apart 
from other Hemiptera whose food-requirements are of a different 
nature. These adaptations are found both externally and internally. 

External.—The head is mobile, the extent of its mobility varying 
with the species. The front legs are often adapted for capturing 
and holding the prey, either by increased musculature or by special 
grasping devices. The rostrum is usually short, stout and predomi- 
nantly three-segmented. It is either straight, as in the Belostomatidae 
and Notonectidae, or curved, as in the Gerridae, Nabidae or Reduviidae, 
but never angular as in the phytosuccivorous forms (PI. II, fig. 6). 
The basal segment is the largest in diameter, and the succeeding seg- 
ments progressively smaller, tapering to a sharp point. The rostrum 
is very flexible, capable of movement in all directions, and can attack 
with equal facility in a horizontal or vertical position. It will be recalled 
that plant-feeding forms are capable of attacking only with their rostrum 
in a vertical position. The stout, muscular proboscis is an efficient 
guide for directing the lethal stab of the mandible and the maxillae. 
Likewise, the mobile, muscular rostrum of Reduviidae is of great 
service in the capture of elusive prey. The setae of all predacious 
forms are stout and rigid with pointed hooks on the mandibles. 
Numerous barbs and bristles are found at the distal ends of the maxillae 
in the aquatic forms. These bristles act as filtering devices and serve 
to prevent solid material from entering with the nutritive fluids (PI. IT, 
fig. 6b). The tendency of the setae to curve is less expressed than in 
phytosuccivorous forms, and may possibly be explained by the greater 
holding power. of the stronger hooks on the mandibles and the presence 
of prehensile organs. The mechanism involved in the projection and 
retraction of the setae is similar to that of other Hemiptera and needs 
no further elaboration. 

Internal.—In examining a cross section of the setae, the conducting 
channels are found to be unequal in size (PI. II, fig. 6b). In fact, the 
salivary duct is so small that its usefulness may be doubted, and I 
believe that its function has been taken over in the majority of predatory 
species by the food canal. 
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The pharynx of predatory species resembles that of the phyto- 
succivorous in that it is an elongated, boat-shaped organ with a heavily 
chitinized ventral wall, and an elastic dorsal lid to which powerful 
muscles are attached (PI. II, fig. 6a). 

A prominent epipharyngeal gland or gustatory organ is present, 
which, as in other forms, functions as an organ of taste. 

The salivary pump is spherical in shape as compared with the 
cylindrical form in the phytosuccivorous forms (Pl. II, fig. 6). The 
suggestion was made by Wedde (1885) that a more powerful pump was 
necessary for the plant-feeders, and that the cylindrical type of pump 
met this need. There is no well developed piston rod in predatory 
forms. 

The salivary glands are large and variable in shape. The principal 
glands consist of two or more lobes. In Belostoma (Pl. IV, fig. 15), 
it is an elongated structure with a narrow lumen and composed of 
numerous acini. Similar types are also found in the Naucoridae and 
in the Nepidae. In the Phymatidae, these glands are also elongated, 
and consist of two lobes, one smaller anterior and one larger and more 
elongated posterior. In the predatory Reduviid, A piomerus crassipes 
(Fabr.), the principal gland attains a length of 5 mm. 

The accessory glands in all the predatory forms are generally trans- 
parent and sac- or bladder-like in shape (Pl. IV, fig. 15). 

Certain species of the predatory forms contain a third pair of glands 
known as the cephalic or maxillary glands. These will be discussed in 
the algophagous group 

By causing a Notonectid to bite on moistened red litmus paper, 
blue areas appeared around each puncture, showing the alkaline reaction 
of the saliva. Plateau (1873) obtained similar results from other 
predatory species. That the saliva acts as a poison or paralizing agent 
is shown by the fact that immediately after the insect has bitten, its 
victim ceases to move. 

The alimentary tract of predatory forms is longer than in the 
phytosuccivorous (Pl. III, fig. 9). In Belostoma and Notonecta the 
alimentary canals are three times the lengths of the bodies, respectively. 
There is a prominent stomach, but the remainder of the mid-intestine 
is a simple tube except the portion joining the ileum which is some- 
times dilated. 

The hind-intestine consists of the ileum, which may be elongated 
or bladder-like, and the rectum. The latter is a large, muscular sac, 
similar to that of the phytosuccivorous forms. The Malpighian tubules 
are four in number and terminate in the expanded portion of the ileum. 


3. Tue ALGOPHAGOUS FoRMS 


The insects placed in this group are peculiar both with reference 
to structure and general life habits. They were placed by Borner (1904) 
in a special order which he called the Sandaliorrhyncha, but present 
day entomologists classify them with the Hemiptera. 

External.—The structure and adaptations of these forms present 
a radical departure from those which have been noted in the other 
groups. The head is short and triangular, and fits loosely on the 
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thorax like a skull-cap. It is exceedingly mobile and thus compensates 
for the lack of flexibility in the mouthparts. The anterior portion of 
the head capsule is inserted into the rostrum and encloses the labrum. 
The end of the rostrum is covered by membrane provided in the center 
with an aperture for the protrusion of the setae. Surrounding the 
opening there is a membrane which is controlled by two muscles. The 
setae are short; in fact, the Corixidae represent the extreme in this 
respect (Pls. II, fig. 3; IV, fig. 17). There are two asymmetrical 
maxillae, the left being the broader, and two mandibles. The right 
maxilla is sword-shaped, and, near the extremity on the outer side, has a 
longitudinal ridge. On the anterior edge of the maxilla there is a row 
of teeth. The inner side is provided with a number of transverse 
striations which are irregularly shaped. The left maxilla is truncated 
and is irregularly shaped at its extremity. It also has a number of 
striations, similar to those of the right maxilla. The mandibles are 
blunt, short, and provided with stout barbs. 

The mechanism of projection and retraction of the setae consists of a 
system of protractor and retractor muscles for the maxillae, and a 
similar set of muscles for the mandibles, supplemented by a lever as in 
other Hemiptera. 

The food consumed consists mainly of solid particles found in the 
water. By the aid of the paddle-like forelegs a current of water con- 
taining this food material is set up toward the mouth into which the 
food is then sucked by the pharynx. The Corixidae also eagerly devour 
filaments of algae, and will frequently act as predators. It is evident 
that in order to be able to take such a variety of food, the suction tube 
of the maxillae must be larger than is ordinarily the case in hemipterous 
forms, or else it would soon be clogged. This is provided for by an 
arrangement whereby the front edges of the two asymmetrical maxillae 
are grooved into the labrum (PI. II, figs. 3 and 5). By this interposition 
of the labrum, the food tube of the maxillae is more than doubled in 
diameter. It should be noted that there is no evidence of a labrum 
externally. The salivary duct of the maxillae is absent, and any saliva, 
therefore, ejected by the salivary pump must be ejected through the 
food canal. 

Internal.—The salivary glands (Pl. IV, fig. 16) are located in the 
prothorax, and consist of a pair of principal glands, divided into two 
lobes of approximately equal size. The accessory gland is small, 
oblong and transparent. It is connected with the principal gland by 
means of a delicate duct. A small salivary pump is present. 

Located in the head, there is a pair of maxillary or cephalic glands 
of remarkable size and structure, being approximately 2 mm. in length 
and .2 mm. at their broadest base (Pl. IV, fig. 17). They are shaped 
like a pair of Indian clubs with their tapered ends terminating at the 
margins of the beak on the posterior or ventral side near the level of the 
setal aperture (PI. III, fig. 18). Each gland has a narrow lumen, extend- 
ing throughout its entire length. Histologically, these glands resemble 
digestive epithelium, the cells being columnar in form, but they have 
no connection with the alimentary canal or with the setae. Terminating 
as they do through pores at the margins of the head, the secretory 
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products are, therefore, spread over a considerable area around the 
setal puncture. 

Locy (1884) described a pair of cephalic glands in the Belostoma. 
Bordas (1905) described a pair of cephalic glands in Nepa and called 
them cephalathoracic glands because they were located partly in the 
head and partly in the thorax. Neiswander (1926) reports a pair of 
similar glands located in the thorax of Ranatra, whose ducts also 
terminate on the ventral side of the head near the base of the rostrum. 
Poisson (1924) mentions maxillary glands in Naucorids, Notonectids 
and Corixids, but does not describe them. 

In Corixids, these glands are located entirely within the head, and 
can be seen through the binocular without dissection in the more 
transparent forms. The presence of these glands and the absence of 
gastric caeca, in my opinion, definitely classifies the Corixids among 
the predatory forms. While these insects feed readily on flocculent 
organic substances, such as described by Hungerford (1919) and 
Ekblom (1930), and on algae, they are primarily predators which have 
taken on an omnivorous food habit. 

As to the function of the cephalic glands nothing is known. It is 
probably that these glands secrete juices of importance in pre-digestion, 
or perhaps even produce poisons. Locy (1884) advanced the idea that 
the cephalic glands of Belostoma were poison glands. Lefebvre (1903) 
found that the poison of the cephalic gland of Nepa produced a burning 
sensation and caused a blister on his hand. Similar effects were not 
produced by the secretions of the salivary glands. Neiswander thinks 
that the poison secreted by the cephalic glands of Ranatra is of a 
repellant nature. The maxillary glands of Corixidae can hardly 
be suspected of serving as repugnatorial organs as this is provided 
for by another set of glands located in the abdomen. On each of the 
third, fourth and fifth tergites of the abdomen are seen a pair of ostia 
or pores, which lead to the repugnatorial glands located below the 
integument. Through these ostia a creamy white fluid is frequently 
seen to exude. 

The reaction of the saliva was found to be alkaline by the litmus 
paper test. Since, however, only a small quantity of saliva is ejected 
and much difficulty was experienced in getting the insects to bite, the 
evidence is not as conclusive as in the case of the Notonectids. 

The alimentary tract (PI. III, fig. 12) is short, being about one and 
one-half times the length of the body. It is characteristically wide 
throughout with no ileum and only a small rectum. The stomach is a 
capacious bag, and the mid-intestine shows no demarcations into 
sections. The Malpighian tubules terminate in the rectum. 


THE MyYCETOPHAGOUS FoRMS 


External.—These bugs are of special interest on account of their 
extremely flat bodies and remarkably long setae. The labrum consists 
of four segments, and lies close to the ventral wall of the head when in a 
resting position. The setae vary in the different species from a length 
equal to that of the body of the insect, as in Neuroctenus simplex (Uhler) 
to five or six times the length of the body, as in Aradus cinnamomeus 
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(Panz), (Pl. II, fig. 2). The clypeus and the labrum have been fused, 
and together form a semi-circular capsule which enclose the setae. 

The long setae require a special arrangement for their projection 
and retraction. A set of protractor and retractor muscles control 
the action of the setae, so far as the limits of their contractile power 
permit, but beyond that point, other mechanical means must be resorted 
to. The long setae lie coiled up in the head capsule in the form of a 
loop. The uncoiling of this loop can be initiated by a pull exerted 
upon it by the setal muscle, and by the subsequent action of the muscles 
within the labium. These latter muscles, at the tip of the labium, by 
alternate contraction and expansion, might well act in the manner of a 
pair of tweezers. By such instruments, it is possible to insert a fine 
wire into a hard surface by simply grasping it near its tip and, little by 
little, force the wire into the surface. In the same manner the setae 
can be inserted into the tissue with the aid of the labial muscles. Due 
to their elastic character, the setae probably have a tendency to snap 
back into their coiled position as soon as the hold at their tips is released. 
I have found no evidence of a mandibular lever. 

A transverse section through the setae reveals two conducting 
channels, approximately equal in diameter, which are formed by the 
maxillae (Pl. II, fig. 2a). In this, as well as in other respects, these 
insects are similar to the plant-sucking types. The tips of the mandibles 
are only slightly serrated; the tips of the maxillae show no evidence of 
serration. 

Internal.—Two pairs of salivary glands are present. The principal 
glands are lobed, and located within the prothorax, dorsally to the 
oesophagus. The accessory glands are similar to the principal glands 
but thin-walled and of smaller size. They are located ventrally to the 
oesophagus, partly in the metathorax and partly in the abdomen. 
Histologically, the salivary glands resemble those of the plant-sucking 
forms. <A salivary pump is present. 

The alimentary canal (PI. III, fig. 11) consists of a well developed 
pharynx and a long narrow oesophagus. 

The proventriculus and large stomach are conspicuous, occupying 
the greater portion of the metathoracic and abdominal cavities. The 
remainder of the mid-intestine consists of a narrow tube without any 
demarcations into divisions. The hind-intestine consists of an elongated 
ileum and an expanded portion, the rectum. The Malpighian tubules 
are of unusually large diameter, measuring from 70-SO microns, and 
extend up into the metathoracic region. 


THE HAEMATOPHAGOUS FORMS 

External.—Externally the different species of this group vary greatly 
in form. Some are flat, wingless, or nearly so, with trunkated heads; 
others are elongated with functional wings and narrow pointed heads 
(Triatoma). In the latter the head is exceedingly mobile and the 
three-segmented proboscis with finger-like flexibility can attack its 
host in any direction and from any angle. 

Internal.—In general the internal organs resemble those of the 
predatory forms, but certain striking features may be noted in the 
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mouthparts of the haematophagous hemiptera. Among these are: 
the large suction canal and reduced salivary duct of the maxillae, the 
strongly developed musculature of the pharynx and the well developed 
salivary pump (Pl. II, fig. 7). The salivary duct appears to be too 
minute to serve any useful purpose and its function is undoubtedly 
taken over by the suction canal. The latter, therefore, serves a two- 
fold purpose; namely, that of conducting food to the pharynx and 
conveying saliva to the tissues of the host. Wedde (1885) called 
attention to the reduced salivary duct in Cimex and Puri (1924) made 
similar observations on the same species. I have found the salivary 
duct of Triatoma protracta entirely too rudimentary to permit any 
saliva to pass through; hence, I conclude that its function is performed 
by the salivary duct. 

Awati (1914), from his studies of Lygus pabulinus concludes that the 
portion of the pharynx which has the most work to do has a fan-shaped 
arrangement of the muscles. Inasmuch as this arrangement prevails 
throughout the pharynx in both Triatoma and Cimex, it points to a 
powerful suction apparatus. Since the amount of blood taken in at a 
single feeding at times equals the total weight of the insect, the efficiency 
of its suction apparatus can hardly be challenged. 

The salivary pump is cylindrical in shape and shows evidence of 
being an organ capable of considerable force. The salivary glands are 
of uniform shape, a characteristic of the group. The principal glands 
in Cimex are oblong and in Triatoma kidney-shaped. ‘Their surfaces are 
smooth and there are no lobes or acini. In Triatoma protracta (PI. IV, 
fig. 13) both the principal and the accessory glands are active in secretion, 
each producing products of a different nature. Puri found that in 
Cimex the products of the principal and accessory glands were of a 
decidedly different nature. Poisson came to the same conclusion 
from his studies of aquatic Hemiptera. Mention might also be made 
of the fact that bites of predacious Reduviids, such as Rasahus and 
lrilus generally cause intense pain, while those of the blood-sucking 
species are often not sufficiently irritating to be noticed. 

The structure of the alimentary canal in haematophagous forms 
is remarkable for its simplicity. It consists of a simple tube enlarged 
in certain sections for the storage of food and excretory products in 
both Cimex and Triatoma. Digestion is of the holocrine type, a char- 
acteristic of haematophagous species. 


Ill. REMARKS ON PHYLOGENY 


The earlier workers considered the aquatic Hemiptera as occupying 
the lowest position of the group, and that the series passed through the 
semi-aquatic, the littoral and the terrestrial forms. Osborn (1895), 
on the other hand, believes that this order is the reverse; that the 
strictly aquatic forms have descended from the semi-aquatic and these 
in turn from the littoral and terrestrial. Crampton (1923), however, 
expresses the view that ‘“‘the Hemiptera (with the Homoptera) were 
derived from ancestors which were the same, or very like those of the 
Psocids.”’ If the view of the latter authority is correct, the first opinion 
must be discarded, for Psocids are terrestrial insects which occur on 
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the trunks and leaves of trees, on stones, walls and fences. Other 
investigators have held that the plant-feeding group of the Pentatomidae 
(Cimicoidea) are the most primitive of the families of Hemiptera. 
Accepting Crampton’s view regarding the ancestry of Hemiptera, I 
suggest the following phylogenetic arrangement of the groups, based 
mainly on structural adaptations and habitat. 

The flatbugs (Aradidae) resemble the Psocids, both with reference 
to the general structure and habitat, and may be considered their 
nearest relatives. The flatbugs, being fungi-feeders, probably rep- 
resent a transition between the wood-feeding habit of the Psocid and 
the plant-sucking habit of other Hemiptera. While the long setae of 


Haematophagous Algophagous 
(Triatomidae) (Corixidae) 
Semi-Haematophagous Semi-Pred. Aquatics 

(Reduviidae) (Notonectidae) 





True Predators 
Semi-Predatory Pentatomids 
Plant-Feeding Pentatomids 
Aradids 


Psocid-like Ancestors 


Diagram presenting the phylogenetic relationship between 
the various groups of Hemiptera. 


Aradids are difficult to account for as descendants of Psocids, it should 
be remembered that nothing is known concerning the ancestry of the 
latter; and there may have been many lines of divergence and inter- 
mediate forms between the original Psocid ancestors and the present 
day flatbugs. From the point of view of habitat, food habits and 
structure, it does not seem unlikely that the Aradidae represent the 
lowest form of present day Hemiptera. 

Recognizing the plant-feeding Pentatomids as the most primitive 
Hemiptera, as many authorities do, they would seem to be the logical 
descendants of the Aradidae since they resemble them in many respects, 
structurally. The maxillae of the Pentatomidae and the Aradidae are 
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similar in that they form two distinct ducts, one for the ejection of 
saliva and the other for the intake of food. The sucking of plant 
juices from stems and leaves is probably but a step from the more 
primitive habits of imbibing the contents of the mycelium of fungi 
concealed under the bark. Similar conditions would be required to 
facilitate the process of suction. 

Among the Pentatomidae, there is a group of species, placed in the 
sub-family Asopinae, which has taken on a semi-predatory habit. 
They feed on both plants and animals, the predatory habit being 
developed to varying degrees within the different species. These forms 
resemble their plant-feeding kin, externally, in a general way. Closer 
scrutiny, however, reveals characteristics which might well be interpreted 
as intermediate, between plant-feeders and true predators. Thus, in 
the semi-predatory group, the labium is stouter and more flexible, and 
capable of attacking in a horizontal plane. The gastric caeca are 
much reduced or absent. The same conditions prevail in other families 
which have species with predatory tendencies, as the Coreidae. 

Among the true predators, two groups may be distinguished, the 
aquatic and the terrestrial. The aquatic group has followed one line of 
development, terminating in the algae-feeders. The terrestrial group 
has followed another line of development, terminating in the blood- 
feeders. The resemblance between algae-feeders and predators has 
already been pointed out. Between these two groups stand the 
Notonectids, which partake of the characteristics of both. It would 
seem, therefore, that the aquatic line of progression is toward the algae- 
feeding and omnivorous habit. Between the true predators and the 
blood-sucking forms, there are many intermediate types which will 
feed on, or suck blood from, both invertebrates and vertebrates. Among 
these, the family Reduviidae may be cited as the best example. Rasahus 
thoracicus (Stal) and Arilus cristatus (Linn.), for instance, are predators 
on other insects, but will also attack vertebrates and suck mammalian 
blood. On the whole, therefore, the line of progression appears to be in 
the direction of blood-sucking habits, as expressed in Cimex and 
Triatoma. 


SUMMARY 


There is a definite relationship between structure and 
function of the organs of Hemiptera which warrants their 
grouping into plant-sucking, predatory, blood-sucking, algae- 
feeding, and fungi-feeding types. Primary criteria by which the 
above groups may be distinguished are: the setae of the mouth, 
the structure and musculature of the pharynx, the salivary 
glands and the salivary pump, the reaction of the saliva, the 
alimentary canal and the gastric caeca. Secondary criteria are 
segmentation and position of the rostrum, the flexibility of the 
labium, the mobility of the head, and the presence of cephalic 
glands. 
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The phylogenetic relationship of the five groups of Hemip- 
tera indicates that the fungi-feeders are the most primitive and 
the blood suckers the most recent. 
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EXPLANATION OF PLATES 


Explanation of Lettering: A.S.G.—Accessory salivary gland; Br.—Brain; 
C.G.—Cephalic gland; G.F.O.—Grinding-filtering organ; G.Or.—Gustatory organ; 
Lb.—Labium; Lbr.—Labrum; LMx.—Left maxilla; Md.—Mandible; MdP.— 
Mandibular protractor; MdR.—Mandibular retractor; Mpt.—Malpighian tubule; 
Mt.—Malpighian tubule; Mx.—Maxilla; MxR.—Max. retractor; MxP.—Max. 
protractor; Mi. 1, 2, etc.—Sect. of mid-intestine; o.c.g.—Orifice of cephalic gland; 
Oe.—Oesophagus; Ph.—Pharynx; PhM.—Pharyngeal muscle; P.S.G.—Prin. 
salivary gland; Provent.—Proventriculus; Rect.—Rectum; Rmx.—Right maxilla; 
S.—Setae; Sa.D.—Salivary duct; $.D.—Salivary duct; SoG.—Sub. oes. ganglion; 
Sa.P.—Salivary pump; Te.—Tentorium; Th.—Thorax; Th.G. 1, 2—Thoracic 
ganglia. 


PLATE | 


Fic. 1. A semi-diagrammatic drawing showing the internal organs of a 
hemipterous insect. Body outline based on Anasa tristis (De Geer). 
Male.  X 10. 


PLaTE II 


Fic. 1. Longitudinal section through a phytosuccivorous head, Leptocoris 
trivittatus (Say). X15. a. Transverse section through pharynx. 
b. Setal bundle. 

Fic. 2. Longitudinal section through a mycetophagous head, Aradus cinna- 

momeus (Panz). X 40. a. Setal bundle of same. 
Fic. 3. Longitudinal section through an algophagous head.  X 15. 
Fic. 4. Transverse section through the head of an algophagous insect showing 
the grinding-filtering organ of the pharynx. X 40. 

Fic. 5. Transverse section through the setae of an algophagous insect. Note 
that the maxillae are grooved into the rudimentary labrum, thus 
making a larger suction tube. No salivary duct is seen. X 250. 

Fic. 6. Longitudinal section through the head of a predacious insect, Belostoma 
flumineum. X 15. a. Transverse section through pharynx. X 30. 
b. Setal bundle. 

Longitudinal section through a haematophagous head, Triatoma practracta 
Uhler. X 15. a. Transverse section through pharynx. 6. Setal 
bundle. 


Fic. 


PLATE III 


Fic. 8. Alimentary tract of Anasa tristis (De Geer) showing its length compared 
with that of the body of the insect. 7. 

Fic. 9. Alimentary tract of Belostoma flumineum (Linn.) showing its relative 
length to the insect body. X 7. 

Fic. 10. Alimentary tract of Leptocoris trivittatus (Say) showing its relative 
length to the body of the insect. X 7. 

Fic. 11. Alimentary tract of Aradus cinnamomeus (Panz), partly from Dufour. 

_ showing relative length to the body of the insect. X 7. 
Fic. 12. Alimentary tract of Corixa, showing relative length to the insect’s body. 


ae 
PLATE IV 
Fic. 13. Salivary glands and proventriculus of Triatoma protracta (Uhler). 15. 
Fic. 14. Salivary gland of Leptocoris trivittatus (Say). X 15. 
Fic. 15. Salivary gland of Belostoma flumineum (Sav). X 15. 
Fic. 16. Salivary gland of Corixa. X 32. 
Fic. 17. Head of a Corixid with the dorsal wall removed, showing the cephalic 


glands with their orifices, also the pharynx and setae.  X 15. 
Fic. 18. Sagittal section through the head of a Corixid, showing the lumen, 
epithelial cells and orifices of the cephalic glands. X 32. 
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NEW SPECIES OF CRANE-FLIES FROM SOUTH 
AMERICA. PART VIII' 


(Tipulidae: Diptera) 


CHARLES P. ALEXANDER, 


Amherst, Massachusetts 


In this report I wish to discuss some unusually interesting 
Tipulidae collected in Rio Grande do Sul, Brazil, by Mr. Fritz 
Plaumann. A few additional species were taken in Colombia, 
by Mr. Philip C. Stone, and in Ecuador, by Mr. William 
Clarke-MacIntyre. My deepest thanks are extended to the 
entomologists above mentioned for the privilege of retaining the 
types of the novelties in my extensive collection of these flies. 


Tipula Linnaeus 


Tipula laticostata sp. n. 


General coloration brown, the praescutum without distinct stripes; 
antennae (male) elongate, nearly one-half the length of the body, flagel- 
lum bicolorous; wings grayish subhyaline, the entire costal border 
broadly and abruptly dark brown; r-m obliterated by approximation of 
veins Ry,; and M42; abdominal tergites brownish yellow, the lateral 
borders black; subterminal segments blackened; hypopygium obscure 
yellow, relatively small. 

Male.—Length, about 16 mm.; wing, 14 mm.; antenna, about 7 mm. 

Female.—Length, about 19-20 mm.; wing, 16 mm.; antenna, about 
3 mm. 

Frontal prolongation of head yellowish brown; nasus distinct; palpi 
testaceous-brown throughout. Antennae (male) elongate, nearly half 
as long as body; scape and pedicel yellow; flagellar segments bicolorous, 
yellow, the basal enlargement black; on distal segments the outer portion 
becomes darker, passing through brown to black, the extreme tips 
remaining yellow; flagellar segments only moderately incised; verticils 
much shorter than the segments. Head brown, the orbits very narrowly 
gray. 

Mesonotal praescutum and scutum almost uniformly brown, with- 
out distinct stripes; praescutal setae very small; scutellum and medio- 
tergite more testaceous-yellow. Pleura yellow, the pleurotergite weakly 
darkened; pleura glabrous. Halteres obscure yellow, the knobs weakly 
infuscated. Legs with the coxae yellowish testaceous, with long yellow 
setae; trochanters yellow; legs long and slender, obscure yellow, the outer 


1Contribution from the Entomological Laboratory, Massachusetts State 
College. 

The preceding part under this general title was published in The Annals 
of the Entomological Society of America, 29: 749-769, 1936. 
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tarsal segments a trifle darker; tibial spur formula 1—1—2. Wings 
grayish subhyaline, the entire prearcular region and costal border 
broadly and conspicuously dark brown, cell Sc a little brighter; on 
posterior portion, the dark border includes the extreme base of cell M, 
all of R excepting the outer third, and all of cells Ri, Re and R3, ending 
as a border to vein R445 in cell R;; stigma not or scarcely darker than 
the remainder of border; veins brown, a little darker in the costal por- 
tions. Macrotrichia of outer medial field much reduced; squama 
glabrous. Venation: Ri,2 preserved; r-m obliterated by approximation 
to short-fusion of veins R44; and M,42; cell M, slightly variable in length, 
from longer to shorter than its petiole; m-cu usually on M,, in cases at 
the fork of M244. 

Abdomen moderately elongate; tergites brownish yellow, narrowly 
bordered laterally by black, the subterminal segments more uniformly 
blackened; sternites light yellow, most of segments seven and eight 
black; hypopygium relatively small, obscure yellow. Ninth tergite large, 
subquadrate, the caudal margin subtransverse, very shallowly emar- 
ginate. Ovipositor with slender, nearly straight cerci. 


Habitat: Brazil (Rio Grande do Sul). Holotype, #, Nova 
Teutonia, February 7, 1936 (F. Plaumann). Allotopotype, 2°, 
February 25, 1936. Paratopotype, 2, with the holotype. 

‘Tipula laticostata is very distinct from all species of the 
genus so far described. The abruptly darkened costal border 
of the wing is suggestive of Tipula ( Yamatotipula) sayi Alexander 
and allied species in the Nearctic Region. 


Tipula (Eumicrotipula) perstudiosa sp. n. 


General coloration of mesonotal praescutum obscure yellow, with 
three dark brown stripes; antennae relatively short, flagellum bicolorous; 
femora black, paler at bases, with a narrow yellow subterminal ring; 
wings cream-colored, handsomely variegated with light and dark brown; 
macrotrichia of wing-cells abundant, including more than the distal half 
of cell /st A; cell M, short-petiolate; abdominal tergites bicolorous. 

Male.—Length, about 8.5 mm.; wing, 10 mm. 

Frontal prolongation of head brown; palpi black. Antennae relatively 
short; scape and pedicel pale, flagellar segments bicolorous, brownish 
black at base, the outer portion yellow; on the more basal segments, the 
dark includes about one-half the segment, being more restricted and 
obscured on the outer segments, Head brown. 

Mesonotal praescutum obscure yellow, with three dark brown 
stripes, narrower than in iguazuensis, the interspaces correspondingly 
wider, at the suture exceeding one-half the width of the lateral dark 
stripes; dark areas on scutal lobes very distinct and clearly-delimited. 
Halteres yellow, the knobs dark brown. Legs with the femora black, 
the bases paler; a conspicuous yellow subterminal ring, narrower than 
the black apex; tibiae and tarsi black. Wings with the ground-color 
creamy, with a heavy light and dark brown pattern, the latter color 
including five costal areas and a series of three in the cubital field; costal 
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cell uniformly darkened except at either end; basal yellow areas of sub- 
costal field much wider than in iguazuensis, only indistinctly involving 
cell C; yellow subcostal area before stigma narrow; dark areas in cells M 
and Cu narrower and less clearly defined, the arcular yellow area not 
including cell Sc. Macrotrichia even more extensive than in iguazuensis, 
including more than the distal half of cell /s¢ A; in cells Rand M numer- 
ous and evenly-distributed as far basad as the origin of Rs. Venation: 
Petiole of cell M, a little shorter than m. 

Abdominal tergites weakly bicolorous, the bases narrowly dark 
brown, the distal two-thirds paler yellowish brown; hypopygium pale. 
Male hypopygium with the caudal margin of tergite nearly transverse, 
with a tiny U-shaped median notch. 


Habitat: Brazil (Rio Grande do Sul). Holotype, #, Nova 
Teutonia, October 18, 1935 (F. Plaumann). 

The nearest ally of the present fly is Tipula (Eumicrotipula) 
iguazuensis (Alexander), of northern Argentina, which differs 
in the longer antennae, the individual flagellar segments being 
approximately one-half longer than in the present fly, and in the 
different arrangement of the praescutal stripes and uniformly 
colored abdominal tergites. 


Tipula (Eumicrotipula) hostifica sp. n. 


Mesonotal praescutum obscure yellow, with three dark brown 
stripes, the median one deeper in color than the laterals; antennae 
(male) elongate, about two-thirds the length of the body, black, the 
scape and pedicel light yellow; femora black, with a narrow yellow sub- 
terminal ring; wings dark brown, variegated with whitish subhyaline 
areas; abundant macrotrichia in cells beyond cord; cell M, virtually 
sessile; abdominal tergites and hypopygium black. 

Male.—Length, about 8 mm.; wing, 8.5 mm.; antenna, about 5.5 mm. 

Frontal prolongation of head dark brown on sides, paler dorsally; 
palpi black. Antennae relatively elongate, as shown by the measure- 
ments; scape, pedicel and basal two-thirds of the first flagellar segment 
light yellow, the remainder of the organ black; flagellar segments 
cylindrical, the basal enlargement poorly developed; verticils less than 
one-half the length of the segments. Head buffy, the central portion of 
vertex dark brown. 

Pronotum brownish black medially, paler laterally. Mesonotal 
praescutum obscure yellow, with three dark brown stripes, the median 
one darker infront; lateral stripes paler than the median; posterior 
sclerites of notum dark brown, the scutellum paler. Pleura bicolorous, 
the propleura and pteropleurite light yellow; anepisternum, sterno- 
pleurite and meron dark brown, forming a conspicuous transverse pleural 
girdle. Halteres yellow, the knobs dark brown. Legs with the coxae 
and trochanters pale yellow; femora black, the bases restrictedly yellow, 
a yellow subterminal ring that is narrower than the black apex; tibiae 
and tarsi black. Wings with the ground-color dark brown, variegated 
by whitish subhyaline areas, as follows: Postarcular, not quite reaching 
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costa in front, attaining vein Cu behind; a small spot before origin of 
Rs in cells Sc and R; a broad oblique band before cord, extending from 
costa to vein Cu, more constricted along vein M; a second extensive 
band beyond stigma, extending from costal border into cell R;; small 
isolated pale areas in cells R3, Rs, Mi, 2nd Mz, M3, My and outer end of 
M; Cubital and Anal cells conspicuously variegated by pale; veins dark, 
yellow in the pale areas. Macrotrichia abundant in cells beyond cord, 
more restricted in bases of cells R3, R;, M3 and M,; a few trichia in outer 
ends of cells R, M and Cu. Venation: Riz. entirely atrophied; cell M, 
very short-petiolate to virtually sessile; M344 very short to nearly lack- 
ing, cell M; thus very deep; m-cu a short distance beyond origin of M4. 

Abdominal tergites black; basal sternites a little more variegated by 
reddish brown; hypopygium brownish black. 


Habitat: Brazil (Rio Grande do Sul). Holotype, #, Nova 
Teutonia, October 17, 1935 (F. Plaumann). 

The present fly is most closely allied to Tipula (Eumi- 
crotipula) perstudiosa sp. n., which differs most evidently in the 
shorter, bicolorous antennae, pattern and trichiation of the 
wings, and the coloration of the abdominal tergites. 


Limonia Meigen 


Limonia (Dicranomyia) quadrituberculata sp. n. 


Size large (wing, male, 12 mm.); general coloration of thorax reddish 
brown, the pronotum black medially; praescutum with a black median 
stripe on cephalic half of sclerite; scutellum with two black quadrate 
areas; halteres elongate, dark brown; legs brownish yellow; wings with 
a pale yellow tinge, the stigma a trifle darker than the ground; Rs only 
a little longer than the basal section of Ry,;; abdomen dark brown, the 
basal sternites more obscure yellow; male hypopygium with the rostral 
prolongation of the large ventral dististyle blackened, on outer margin 
with a series of four strong setigerous tubercles, to produce a serrate 
appearance. 

Male.—Length, about 9 mm.; wing, 12 mm. 

Rostrum relatively elongate, exceeding one-half the length of head, 
black; palpi black. Antennae with scape and pedicel yellow, flagellum 
brownish black; flagellar segments long-oval, becoming more elongate 
outwardly, the ends truncated; verticils shorter than the segments. 
Head brown; anterior vertex greatly reduced to virtually obliterated. 

Pronotum black above, reddish brown on sides. Mesonotal prae- 
scutum reddish brown, with a conspicuous black median stripe on the 
cephalic half; scutal lobes dark, the median area more reddish brown; 
scutellum pale, with a quadrate brownish black area on either side of the 
midline; central portion of mediotergite darkened, the lateral portions 
yellow. Pleura and pleurotergite reddish yellow. Halteres elongate, 
dark brown, the base of stem restrictedly yellow; a rather conspicuous 
fringe of setae on stem. Legs with the coxae reddish yellow; trochanters 
yellow; femora and tibiae brownish yellow; tarsi broken. Wings almost 
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uniformly tinged with pale yellow; stigma pale, only a trifle darker than 
the ground; veins pale brown. Venation: Sc; ending a short distance 
before origin of Rs, the distance on C about one-half the length of Rs; 
Rs only a little longer than the basal section of Ry45; m-cu at fork of M. 

Abdominal tergites dark brown, the basal sternites more obscure 
yellow; hypopygium chiefly dark. Male hypopygium with the caudal 
margin of tergite having a very narrow V-shaped median notch, the 
lateral lobes broadly truncated. Basistyle with ventro-mesal lobe 
broadly obtuse; face of style with a stout fleshy lobe, bearing a series of 
about a dozen powerful spines along inner edge and at apex, the more 
basal ones from conspicuous tubercles. Ventral dististyle large, more 
extensive than the basistyle; rostral prolongation darkened, relatively 
small, the outer margin serrated by four powerful setigerous tubercles, 
the outermost at apex; rostral spines two, arising close together from 
face of prolongation at base. Gonapophyses with mesal-apical lobe 
short and broad. 


Habitat: Colombia. Holotype, &, Usme, near Bogota, 
altitude 10,000 feet, July 9, 1936 (P. C. Stone). 

This large, conspicuous member of the subgenus is most 
nearly allied to Limonia (Dicranomyia) chlorotica (Philippi) of 
Chile, which differs in the coloration of the body, wings and 
halteres. The male sex of chlorotica is still unknown. 


Austrolimnophila Alexander 


Austrolimnophila spinicaudata sp. n. 


General coloration of mesonotum dark brown, the scutellum tes- 
taceous-yellow; legs obscure yellow; wings suffused with brown, with 
numerous very small and relatively indistinct brown dots over the sur- 
face; Ro,3 shorter than R142; cell M,; very deep, nearly sessile; m-cu 
about one-half its length beyond fork of M; male hypopygium with the 
tergite deeply notched, each lobe produced into a small apical spine; 
posterior margin of inner dististyle with a series of sawlike teeth. 

Male.—Length, about 13 mm.; wing, 13.2 mm.; antenna, about 2.8 
mm. 
Rostrum obscure yellow; palpi light brown. Antennae obscure yel- 
low, the outer flagellar segments passing into brown; flagellar segments 
cylindrical, the intermediate and outer segments with very long verticils. 
Head behind fulvous-brown, the orbits gray; anterior vertex darker, 
relatively narrow, less than twice the diameter of the scape. 

Pronotum and mesonotum relatively dark brown, the lateral portions 
of praescutum and scutum restrictedly yellow; scutellum testaceous- 
yellow; mediotergite dark brown. Pleura and pleurotergite uniformly 
testaceous-yellow. Halteres elongate; stem obscure yellow, knob infus- 
cated. Legs with the coxae and trochanters testaceous-yellow; remainder 
of legs almost uniformly obscure yellow, including the tarsi; tibial spurs 
relatively small. Wings with an almost uniform brown tinge; numerous 
very small, darker brown dots scattered over the wing-surface, lacking 
only in cell /st A and basal portion of Cu; stigma slightly darker than 
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the ground; veins dark brown. Venation: Sc, ending opposite fork of 
Reois+4, Sco at its tip; Rey; shorter than Rj+42; cell M, very deep, nearly 
sessile; m-cu about one-half its length beyond fork of M. 

Abdominal segments dark brown, sparsely pruinose, the caudal 
margin of intermediate tergites narrowly paler; hypopygium dark. 
Male hypopygium with the tergite deeply notched, the mesal portion of 
each lobe produced into a small spinous point. Basistyle with the whole 
ventral face produced into a long setiferous cushion. Dististyles ter- 
minal; outer style densely hairy, relatively broad, at apex produced 
into a slender, gently curved, black spine; inner style narrowed on distal 
third, the posterior margin for more than half the length with a row of 
acute spines, largest and most conspicuous on basal portion. 


Habitat: Brazil (Rio Grande do Sul). Holotype, #7, Nova 
Teutonia, February 7, 1936 (F. Plaumann). 

The nearest allied species is Austrolimnophila pacifera 
Alexander, of southern Brazil, which is superficially much like 
the present fly but differs evidently in the unspotted wings and 
very different structure of the male hypopygium, as the unspined 
tergite and inner dististyle. 


Austrolimnophila candiditarsis sp. n. 


General coloration of mesonotum uniformly brown, the praescutum 
unmarked; pleura yellow, with a transverse brown girdle on anepister- 
num; halteres very long, brownish black; legs yellow, the tarsi and tips 
of tibiae white; wings whitish subhyaline, with a relatively heavy brown 
pattern, including clouds at origin of Rs, along cord and outer end of 
cell 1st Mz, and as seams to the veins beyond cord; Rs angulated and 
spurred at origin; Ri, relatively short; cell M, deep; m-cu about its 
own length beyond fork of M. 

Male.—Length, about 9 mm.; wing, 9 mm.; antenna, about 1.7 mm. 

Female.—Length, 10-11 mm.; wing, 11—11.5 mm. 

Rostrum brown; palpi dark brown. Antennae with scape and pedicel 
light yellow; flagellum brown; flagellar segments passing into cylindrical, 
with very long, unilaterally arranged verticils. Head pale brown, the 
center of vertex darker, especially on lateral portions adjoining the eyes. 

Pronotum narrowly darkened medially, pale yellow on sides. Meso- 
notal praescutum and scutum uniformly brown, without markings; 
scutellum obscure yellow; mediotergite obscure yellow to yellowish 
brown. Pleura and pleurotergite pale yellow, with a transverse dark 
brown area occupying the anepisternum and dorsal pleural membrane 
immediately above it; sternopleurite paler. Halteres very long, brownish 
black, the extreme base of stem pale yellow. Legs with the coxae and 
trochanters pale yellow; femora obscure yellow, the tips narrowly and 
weakly darkened; tibiae pale yellow, fading to white at outer ends; tarsi 
white, the terminal segment infuscated. Wings whitish subhyaline, with 
a relatively heavy brown pattern, arranged as seams along the cord, 
outer end of cell 1st Mz and the veins beyond the cord; a conspicuous 
dark cloud at origin of Rs; arcular region restrictedly darkened; wings 
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more heavily patterned in female than in male; veins dark brown. 
Venation: Rs long, angulated and spurred at origin, in alignment with 
Roizia; Rise relatively short, less than one-half Re,3; anterior cord 
oblique; cell M, deep, its petiole subequal to or somewhat longer than 
m; m-cu approximately its own length beyond fork of M; anterior arculus 
broken, this condition not apparent on slide mounts. 

Abdominal tergites dark brown, the caudal margins of the segments 
restrictedly pale; sternites yellow, the bases of the segments in cases 
narrowly darkened; hypopygium brownish black; genital shield of 
female black. Male hypopygium with the outer dististyle slender, only 
about as wide as the inner style, at apex produced into a small black 
spine. 

Habitat: Brazil (Rio Grande do Sul). Holotype, #, Nova 
Teutonia, March 3, 1936 (F. Plaumann). Allotopotype, 9, 
February 7, 1936. Paratopotypes, 2 2 2, October 12, 1935, 
February 7, 1936. 

Austrolimnophila candiditarsis is readily told from all other 
described species of the genus by the white tarsi and con- 
spicuously patterned wings. 


Limnophila Macquart 


Limnophila charon sp. n. 


General coloration black, including the antennae, halteres and legs; 
wings strongly suffused with blackish, unmarked except for the small, 
slightly darker stigma; Ro4s,;4 short, subequal to basal section of R;; 
Rise and Ry subequal; cell Mi present, about one-half longer than its 
petiole; m-cu at near midlength of cell /s¢ Mo. 

Female.—Length, about 9-10 mm.; wing, 9-10 mm. 

Rostrum and palpi black. Antennae short, black throughout; basal 
flagellar segments globular, with relatively short, inconspicuous ver- 
ticils; outer segments more elongate, with long conspicuous verticils; 
terminal segment about one-half longer than the penultimate. Head 
black; anterior vertex very broad, exceeding three times the diameter 
of scape. 

Pronotum relatively small, black. Mesothorax black throughout, 
the surface moderately shiny. Halteres black throughout. Legs black, 
the tarsal segments a trifle paler. Wings strongly suffused with black; 
stigma small, oval, only a little darker than the ground; very vague 
darker seams adjoining certain of the veins; whitish longitudinal streaks 
in cells R, M and /st A; veins darker. Numerous macrotrichia on outer 
wing-veins, lacking on Rs. Venation: Sc; ending shortly beyond fork of 
Rs, Scz at its tip; Rs long; Re4s44 short, subequal to basal section of R;; 
R. and Ri. subequal; cell M; about one-half longer than its petiole; 
m-cu at or before midlength of cell 1s¢ M2; anterior arculus preserved. 

Abdominal tergites black; sternites brownish yellow, the caudal 
margins narrowly darker; valves of ovipositor elongate, black, the outer 
halves of the gently upcurved cerci horn-yellow. 
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Habitat: Brazil (Rio Grande do Sul). Holotype, 2, Nova 
Teutonia, March 6, 1936 (F. Plaumann). Paratopotype, 9°, 
November 28, 1935 (F. Plaumann). 

Limnophila charon is entirely distinct from all other Neo- 
tropical species of the genus so far made known. It is readily 
told by the black color of the body and appendages and by the 
strongly blackened, unpatterned wings. 


Limnophila expressa sp. n. 


General coloration of mesonotum yellowish brown, the praescutum 
with three brown stripes, the median one much darker and more distinct; 
halteres yellow; legs brownish black to black; wings cream-yellow, with 
a heavy brown pattern; Rii2 and R». subequal; cell M, about as long as 
its petiole; abdomen black, the genital shield and ovipositor more 
yellowish. 

Female.—Length, about 11-12 mm.; wing, 9.5-10 mm. 

Rostrum short, dark brown; palpi brownish black. Antennae dark 
brown, the bases of the pedicel and first flagellar segment a trifle bright- 
ened; flagellar segments oval, the verticils exceeding the segments. 
Head gray. 

Pronotum yellowish brown, darker medially. Mesonotal praescutum 
yellowish brown, with three brown stripes, the median vitta dark brown, 
much clearer than the laterals; scutal lobes darkened, the median area 
paler; scutellum and mediotergite brown, gray pruinose. Pleura brown- 
ish yellow, sparsely pruinose, the anepisternum and ventral sterno- 
pleurite darker. Halteres yellow. Legs with the coxae and trochanters 
obscure yellow; remainder of legs brownish black to black, the femoral 
bases narrowly obscure yellow. Wings with the ground-color cream- 
yellow, the interspaces of the costal field and the prearcular area brighter 
yellow; a heavy brown pattern, as follows: Cell C except outer end, less 
evidently darkened in the paratype; conspicuous seams at arculus, 
origin of Rs, cord, outer end of cell /st Me, fork of M42 and the axilla; 
large rounded brown clouds at ends of longitudinal veins, that at R; 
largest, continued backward across cells R; and R,, in cases, this area 
nearly confluent with the cloud at fork of Mj42 to form an oblique sub- 
terminal fascia; about the outer half of cell M and the basal half of cell 
Cu darkened; a conspicuous marginal cloud at near midlength of cell 
2nd A; veins yellow, darker in the clouded areas. Venation: Sc a little 
longer than Sc;, ending just beyond fork of Ro434; Rigg and Re subequal; 
anterior cord oblique, the inner end of cell /s¢ Mz most basad; cell M, 
subequal to or longer than its petiole; m-cu close to midlength of cell 
Isl Mo. 

Abdomen black; genital shield and ovipositor more yellowish. 

Habitat: Brazil (Rio Grande do Sul). Holotype, 9, Nova 
Teutonia, November 28, 1935 (F. Plaumann). Paratopotype, 
2, October 28, 1935 (F. Plaumann). 

The nearest ally of the present fly is Limnophila araucania 
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Alexander, of Chile, which differs conspicuously in the coloration 
of the body and legs and in the pattern of the wings. 


Limnophila leucostigma sp. n. 


General coloration blackish, sparsely pruinose; antennal flagellum 
pale; legs obscure yellow, the femora with a vague darker subterminal 
ring; wings pale yellow, abundantly dotted and spotted with brown; 
stigma white; Rs elongate; cell 1st Mz elongate, its inner end lying before 
that of cell R;; m-cu near midlength of cell /st Mo. 

Female.—Length 8.5-11 mm.; wing, 8-10 mm. 

Rostrum and palpi black. Antennae with scape and pedicel black; 
flagellum pale brownish yellow; flagellar segments oval, with verticils 
that exceed the segments; terminal segment longer than the penultimate. 
Head grayish brown, with a capillary, dark brown, median vitta that is 
more or less expanded on anterior vertex; black setigerous punctures on 
posterior part of vertex. 

Mesonotum blackish, sparsely pruinose, with three more brownish 
stripes, the median one divided by a narrow darker vitta; scutum brown, 
the centers of the lobes darker; posterior sclerites of notum darkened, 
sparsely pruinose. Pleura dark, sparsely pruinose, with indications of a 
narrow longitudinal dark vitta. Halteres brown. Legs with the coxae 
brownish black; trochanters dusky; femora obscure yellow, narrowly and 
very indistinctly darkened subterminally; tibiae and basal three tarsal 
segments yellow, the tips of the individual segments very narrowly 
darkened; outer tarsal segments dark brown; legs moderately hairy. 
Wings with the ground-color pale yellow, abundantly dotted and 
speckled with microscopic areas of brown, these becoming larger and 
more nearly confluent in the outer radial field; somewhat larger and 
darker areas along cord and outer end of cell /s¢ Me; prearcular field 
nearly clear; stigma whitish, unmarked; veins brownish yellow, with 
abundant trichia. Venation: Rs very long, in direct longitudinal align- 
ment with Re4344, exceeding in length the unusually long and narrow 
cell 1st Mz; Sco longer than Sa, ending just beyond fork of Roisi4; Re 
very faint, subequal to R142; inner end of cell 1st Mz lying basad of Rs, 
the latter a corresponding distance before end of Ry; m shorter than 
basal section of M3; m-cu close to midlength of cell 1s¢ M2; anterior 
arculus lacking. 

Abdominal tergites brownish black; basal sternites somewhat paler. 
Ovipositor with basal shield and bases of cerci and most of hypovalvae 
blackened. 


Habitat: Brazil (Rio Grande do Sul). Holotype, 9, Nova 
Teutonia, September 4, 1935 (F. Plaumann). Paratopotype, @, 
August 17, 1935. 

The reference of this fly to Limnophila is provisional and it 
may well be found to be closer to Pseudolimnophila, since the 
head is strongly narrowed behind and the anterior arculus is lost. 
The various members of the undulata group (dictyoptera Alex- 
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ander, guttulatissima Alexander, Jloydi Alexander, madida 
Alexander and undulata Bellardi) are quite distinct in the 
retention of the anterior arculus and the nature of the wing- 
pattern and venation. The two species, Limnophila schadet 
Alexander and L. subfuscata Alexander, pertain to a still distinct 
group of the genus and, while closely allied to one another, are 
entirely distinct from the present fly. 


Hexatoma Latreille 


Hexatoma (Eriocera) laticostata sp. n. 


General coloration, including halteres and legs, black; antennae 
(male) 7-segmented; basal segments of flagellum obscure yellow; wings 
dark brown, the prearcular and costal regions extensively and very 
conspicuously orange-yellow; Ri,2 nearly twice as long as Re. 

Male.—Length, about 10-12 mm.; wing, 9-11 mm. 

Rostrum and palpi black. Antennae (male) 7-segmented; scape and 
pedicel black; flagellum obscure yellow, the terminal two segments 
darker; basal flagellar segment exceeding in length the next two com- 
bined; subterminal segment about three times the length of the terminal 
and longer than the antepenultimate. Head deep velvety-black through- 
out; vertical tubercle moderately developed, bifid; setae of head short 
and sparse, black. 

Thorax velvety-black; praescutal stripes not or scarcely differen- 
tiated; setae restricted to interspaces, very small and inconspicuous. 
Halteres and legs entirely black. Wings dark brown, the prearcular and 
costal regions broadly and conspicuously orange-yellow, including the 
base of wing to about the level of arculus, cells C and Sc to the level of 
the cord, and the extensive central portion of cell R; as far caudad as the 
fork of Rs; veins dark, clear luteous in the orange portions. Veins 
beyond cord glabrous or virtually so, without trichia excepting three or 
four on basal portion of outer section of vein R;. Venation: R42 a little 
less than twice Ro; Ro3 about equal to Re: Rey344 variable in length, in 
the type only a little shorter than R,; alone, in the paratype considerably 
shorter; Rs very long, a little more than twice R alone; veins beyond 
cord very weak and tending to be evanescent. 

Abdomen, including hypopygium, black. 


Habitat: Brazil (Rio Grande do Sul). Holotype, #, Nova 
Teutonia, October 29, 1935 (". Plaumann). Paratopotype, ¢, 
March 6, 1936. 

Hexatoma (Eriocera) laticostuta is very different from all of 
the numerous species of the subgenus now known from the 
Neotropics. There is no species with which it may profitably 
be compared, the nearest lly apparently being H. (E.) 
ogloblini Alexander, of north: \rgentina. 
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Hexatoma (Eriocera) plaumanni lataurata subsp. n. 


Very similar to typical plaumanni, differing as follows: Antennae 
(female) 10-segmented. Mesonotal praescutum with the humeral and 
lateral portions broadly golden-yellow, sericeous; in the typical form, 
these areas are deep velvety-black. Wings with the yellow longitudinal 
streaks connecting the band at cord with the brightened base differently 
distributed, being reduced to a mere line in cell R and entirely lacking 
in cell M adjoining vein M; basal half of cell Cu yellow, dark in the 
typical form; cells Ry and /st My, uniformly darkened. Venation: m-cu 
at about one-third the length of cell /st M2; vein 2nd A more concave, 
widening cell /s¢t A at midlength. Genital shield and preceding segment 
of abdomen elongate, deep orange; cerci black with only the tips pale. 


Habitat: Brazil (Rio Grande do Sul). /Zolotype, 2, Nova 
Teutonia, January 2, 1932 (F. Plaumann). 


Hexatoma (Cladolipes) cisatlantica sp. n. 


Sexes strongly dichrous; male black, the abdomen orange; female 
uniformly black; antennae 7-segmented in both sexes. 

Male.—-Length, 8-8.5 mm.; wing, 7.2-7.5 mm.; antenna, about 
1.5 mm. 

Female.—Length, 10-11 mm.; wing, 7.5-8.5 mm, 

Sexes strongly dichrous. 

Male.—Rostrum very reduced, black; palpi black. Antennae 7-seg- 
mented, black throughout; flagellar segments cylindrical, gradually 
decreasing in length and thickness; verticils shorter than the segments. 
Head brownish black, more intensely colored behind; vertical tubercle 
of moderate height, simple. 

Thorax entirely polished black; praescutum nearly glabrous. Hal- 
teres black. Legs with the coxae and trochanters black: remainder of 
legs black, the femoral bases usually obscure brownish yellow, most 
extensive on the posterior legs where more than half the segment is 
included; in cases, the femora uniformly blackened. Wings with a strong 
blackish tinge, more intense in the prearcular and costal regions, paling 
to gray behind; veins darker. Macrotrichia on veins beyond cord very 
reduced, including a series for most of the length of the distal section 
of R;. Outer medial branches faint and tending to become evanescent. 
Venation: Cell R; entirely lacking, as in the subgenus; R: a trifle longer 
than R142; Rs long, exceeding twice R; only two branches of M present; 
m-cu at or just before fork of M. 

Abdomen with basal segment polished black; remainder, including 
hypopygium, orange. 

Female.—Antennae 7-segmented, as in male. Legs black, including 
the femora. Wings more intensely blackened, in cases the centers of the 
more posterior cells paler. Abdomen entirely polished black, including 
the genital shield. Ovipositor with elongate, gently upcurved cerci, 
dark-colored. 


Habitat: Brazil (Rio Grande do Sul). Holotype, #7, Nova 
Teutonia, November 7, 1935 (F. Plaumann). Allotopotype, 9°, 
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November 11, 1935. Paratopotypes, 77%, 2 9 2, November 
6-14, 1935. 

The discovery of a new species of the subgenus Cladolipes 
Loew is of unusual interest. The type and hitherto only 
known species is Hexatoma (Cladolipes) simplex (Loew), of 
Greece, still very rare in collections. The present fly conforms 
exactly to the characters of the subgenus, excepting that the 
antennae are 7-segmented in both sexes. It should be reaffirmed 
that the valves of the ovipositor in both known species are 
elongate and sclerotized, not short and fleshy as in the allied 
subgenus //exatoma. 


Atarba Osten Sacken 


Atarba (Atarba) anthracina sp. n. 


General coloration black, including the antennae and legs; halteres 
with stem brownish yellow, the knob clear yellow; wings strongly suf- 
fused with blackish; Sc; ending opposite origin of Rs. 

Female.—-Length, about 6 mm.; wing, 5.4 mm. 

Rostrum and palpi black. Antennae black throughout; flagellar 
segments long-oval to oval; longest verticils subequal to the segments. 
Head polished black; anterior vertex wide. 

Thorax entirely polished black. Halteres with the stem brownish 
yellow, the knob clear yellow. Legs intense black throughout. Wings 
with a strong blackish suffusion, the prearcular, costal and stigmal areas 
a trifle more saturated; veins brownish black. Conspicuous trichia on 
longitudinal veins beyond cord, on /s¢ A restricted to two or three at 
tip of vein. Venation: Sc; ending opposite origin of Rs, Scz slightly 
removed from this tip; Rs angulated at origin; branches of Rs only 
gently diverging from one another; cell /s¢ M2 relatively small, rectang- 
ular; m-cu shortly beyond fork of M. 

Abdomen polished black, only the tips of cerci paler. 


Habitat: Brazil (Rio Grande do Sul). Holotype, 2, Nova 
Teutonia, October 20, 1935 (F. Plaumann). 
In the intense black color, Atarba (Atarba) anthracina is 


very distinct from all other species of the genus described to 
this date. 


Gonomyia Meigen 


Gonomyia (Lipophleps) macintyrei sp. n. 

Belongs to the manca group; general coloration brownish gray, 
scutellum yellow; legs brown to black; Sc relatively short; male hypo- 
pygium with the apex of basistyle produced into a long sinuous spine; 
a single, simple dististyle; phallosome produced into two arms, one a 


slender, nearly straight rod, the other broader, bifid and blackened 
at apex. 
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Male.—Length, about 4-4.2 mm.; wing, 4.7-5.2 mm. 

Female.—Length, about 5 mm.; wing, 5-5.2 mm. 

Rostrum orange; palpi black. Antennae black throughout; flagellar 
verticils very long, especially in male. Head gray. 

Mesonotal praescutum uniformly brown, sparsely pruinose; anterior 
lateral pretergites light yellow; scutal lobes brownish gray, the posterior 
callosities yellow; median area of scutum obscure brownish yellow; 
scutellum yellow, restrictedly darkened medially at base; mediotergite 
black, heavily pruinose. Pleura and pleurotergite yellow, variegated 
with dark brown on the propleura, anespisternum, ventral sterno- 
pleurite and meron. Halteres yellow. Legs with the fore coxae darkened, 
the remaining coxae chiefly pale; trochanters yellow; remainder of legs 
dark brown to black. Wings tinged with brown, the prearcular and 
costal portions clearer yellow; stigma almost lacking, scarcely darker 
than the ground; veins brown, paler in the brightened areas. Venation: 
Se short, Sc; ending a distance before origin of Rs equal to or much 
exceeding one-half the length of the latter; Rs angulated at origin, its 
vranches strongly divergent at margin; cell R; very wide, cell R; cor- 
respondingly narrowed; m-cu at or close to fork of M. 

Abdominal tergites brown; sternites and hypopygium yellow. Male 
hypopygium with the apex of basistyle produced into a long sinuous 
spine, gradually narrowed to the acute blackened tip, exceeding in 
length the single elongate simple dististyle. Phallosome consisting of 
two elements, a long slender, nearly straight rod, and a broader structure 
that is deeply bifid and blackened at tip, both of these phallosomic 
elements longer than the dististyle. 


Habitat: Ecuador (Oriente). JJolotype, #, Banos, Province 
of Tungurahua, altitude 8,125 feet, July, 19386 (W. Clarke- 
MacIntyre). Allotopotype, 9, pinned with type. Paratopo- 
types, several &@ 9, altitude 6,200-8,125 feet, June-August, 1936. 

I take great pleasure in dedicating this fly to the collector, 
Mr. William Clarke-MacIntyre, who has collected numerous 
rare and undescribed entomological material in eastern Ecuador. 
The present species is entirely distinct from the now very 
numerous species of Lipophleps in the structure of the male 
hypopygium, especially of the basistyles and phallosome. 


Teucholabis Osten Sacken 


Teucholabis (Teucholabis) liponeura sp. n. 


General coloration yellow, the praescutum with three abbreviated 
black areas; head gray; pleura darkened, with a vague whitish longi- 
tudinal stripe; femora yellow, the tips narrowly and abruptly blackened; 
wings subhyaline, unmarked except for the stigma; Sc; ending shortly 
before midlength of Rs; cell 1st Mz open by the atrophy of basal section 
of M3; cell 2nd M2 subequal to its petiole. 

Female.—Length, about 6.5 mm.; wing, 6 mm. 
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Rostrum and palpi dark. Antennae black; basal segments not visible 
in the unique type; flagellar segments oval, the verticils much longer 
than the segments. Head dark gray. 

Pronotum yellow. Mesonotal praescutum yellow, with three black 
areas, representing portions of the usual stripes, the remainder of these 
being reddish; the black areas occupy the cephalic half of the median 
stripe and the posterior third of the lateral areas, adjoining the suture; 
scutum obscure yellow, each lobe with a restricted triangular dark area; 
scutellum yellow; mediotergite black, yellow laterally on cephalic por- 
tion. Pleura weakly darkened, with a vague and ill-defined whitish 
longitudinal stripe, extending from behind the fore coxae to the meron, 
widened posteriorly, the surface with short pale pubescence; pleuro- 
tergite obscure yellow, more darkened on ventral portion. Halteres 
pale, the knobs weakly darkened. Legs with the coxae and trochanters 
obscure yellow, the fore coxae darker; femora yellow, the tips narrowly 
(0.6-0.7 mm.) but conspicuously blackened, the amount subequal on all 
legs; tibiae obscure yellow, the tips narrowly blackened; tarsi black. 
Wings relatively broad, subhyaline, unmarked except for the circular 
brown stigma; veins brown, those of the costal and basal portions some- 
what paler. Venation: Sc of moderate length, Sc, ending shortly before 
midlength of Rs, Sco at about mid-distance between origin of Rs and 
tip of Sc; Rs somewhat angularly bent at near midlength; anterior 
branch of Rs nearly straight, cell Re at margin wider than cell R,; cell 
1st M2 open by atrophy of basal section of M3, cell 2nd M: about as long 
as its petiole; m-cu just beyond fork of M. 

Abdomen black, the caudal margins of the segments restrictedly 
pale, the amount somewhat more extensive on the outer tergites; genital 
shield obscure yellow; cerci horn-colored, strongly upcurved. 


Habitat: Brazil (Rio Grande do Sul). Holotype, 2, Nova 
Teutonia, October 14, 1935 (F. Plaumann). 

The nearest allies of the present insect are Teucholabis 
(Teucholabis) omissa Alexander (Argentina) and TJ. (T7.) 
omissinervis Alexander (Peru), both of which differ conspicu- 
ously in the small size and in the venation of the radial and 
medial fields. 


Teucholabis (Teucholabis) lipophleps sp. n. 


General coloration dark castaneous, the praescutum with the cephalic 
ends of the usual praescutal stripes narrowly black; posterior sclerites 
of mesonotum dark; femora yellow, the tips very vaguely and indistinctly 
darkened; wings whitish subhyaline, with three pale brown crossbands; 
cell 1st Mz open by atrophy of basal section of M:; cell 2nd Mz deep; 
abdomen black. 

Female.—Length, about 6.5 mm.; wing, 5.8 mm. 

Rostrum relatively short, brown; palpi brownish black. Antennae 
black, relatively elongate; flagellar segments oval, the basal three or four 
shorter and more crowded. Head brownish black, polished, without 
pruinosity. 
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Pronotum yellow. Mesonotal praescutum polished, dark castaneous, 
with three black areas, representing the cephalic ends of the usual 
stripes, the posterior portions being indistinguishable from the ground- 
color; posterior sclerites of mesonotum dark, including the scutellum. 
Pleura with the dorsal sclerites blackened, including areas on the 
anepisternum, dorsal pteropleurite and ventral pleurotergite; ventral 
sternopleurite more weakly infumed; dorso-pleural area yellow; a broad 
longitudinal whitish stripe extending from behind the fore coxae to the 
base of abdomen, more widened behind, passing beneath the root of 
halteres, the surface with silvery pubescence. Halteres black, the apex 
of knob a very little brighter. Legs with the coxae and trochanters yel- 
low; femora yellow, the tips very vaguely and indistinctly darkened, the 
amount subequal on all legs; tibiae obscure yellow, the tips narrowly 
infuscated; tarsi black, the proximal ends of basitarsi paler. Wings 
whitish subhyaline, with three pale brown crossbands, the first at level 
of origin of Rs, not involving cells C and Sc; second band narrow, at 
cord, the stigmal portion darker brown; third band apical, involving the 
wing-tip as far basad as the fork of Mi42; veins brown, Sc yellow. 
Venation: Sc; ending about opposite midlength of Rs; Rs slightly oblique, 
immediately beyond fork of Rs; branches of Rs generally parallel for 
most of their length, cell Re much more extensive than Rj; cell /st Me 
open by atrophy of the basal section of M3; cell 2nd My» deep, nearly 
twice its petiole; m-cu just beyond fork of M. 

Abdomen, including the genital shield and bases of cerci, black; 
outer portions of cerci strongly upcurved, deep horn-yellow. 


Habitat: Brazil (Rio Grande do Sul). Holotype, 2, Nova 
Teutonia, November 6, 1935 (F. Plaumann). 

Teucholabis (Teucholabis) lipophleps is entirely different 
from the other species of the subgenus that have cell /st AM], of 
the wings open. It is the only species in this category of small 
size and having patterned wings. 


Teucholabis (Teucholabis) fuscoapicalis sp. n. 


General coloration of praescutum yellow, with a median brown vitta; 
head dark brown; halteres infuscated; femora obscure yellow, the tips 
narrowly brownish black, the amount subequal on all legs; wings yellow, 
the apical sixth strongly infuscated; stigma and a very narrow seam on 
anterior cord dark brown; Sc; ending about opposite midlength of Rs, 
Sce near its tip; cell Re at margin more extensive than cell Ry; abdomen 
black, the caudal borders of the sternites and outer tergites pale. 

Female.—Length, about 7 mm.; wing, 6.8 mm. 

Rostrum relatively elongate, about one-half the remainder of head, 
black; palpi black. Antennae brownish black; flagellar segments oval; 
verticils subequal in length to the segments. Head dark brown, the 
anterior vertex and orbits more obscure brownish yellow. 

Mesonotal praescutum yellow, with a median brown vitta; posterior 
sclerites of notum chiefly darkened. Pleura distorted in the unique type, 
obscure yellow, variegated by dark brown or brownish black. Halteres 
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infuscated. Legs with the coxae and trochanters yellow, the fore coxae 
somewhat darker; femora obscure yellow, the tips narrowly brownish 
black, the amount subequal on all legs; tibiae and basitarsi yellow, the 
tips very narrowly blackened; remainder of tarsi black. Wings yellow, 
the apical sixth strongly infuscated, involving cells R: to M3, inclusive; 
stigma oval, dark brown, very conspicuous; a very narrow, dark brown 
seam on anterior cord, virtually restricted to the veins themselves; veins 
yellowish brown, the anterior cord much darker. Venation: Sc long, 
Sc, ending about opposite midlength of the long Rs, Sc2 close to its tip; 
vein R; subtransverse, about one-third its length beyond fork of Rs, cell 
R, at margin more extensive than cell Ry; m-cu at fork of M. 

Abdomen black, the outer tergites with caudal margins narrowly 
obscure yellow; all sternites black, the caudal margins very broadly pale, 
the color including the posterior half or more of the segment; genital 
segment yellow; bases of cerci narrowly blackened, the valves strongly 
upcurved, horn-yellow. 


Habitat: Brazil (Rio Grande do Sul). Holotype, 9, Nova 
Teutonia, November 14, 1935 (F. Plaumann). 

The present fly is readily separated from all other generally 
similar forms by the wing-pattern, the broadly darkened apex 
and very narrow seam along the cord being quite distinctive of 
the species. 


Teucholabis (Teucholabis) nigrocorporis sp. n. 


General coloration polished black, only the pleura with appressed 
silvery pubescence; antennae black; halteres black, the knob light 
yellow; femora obscure yellow, the tips black, more extensive on the 
fore pair; wings whitish subhyaline, with three broad dark brown cross- 
bands, the last apical in position; cell R; widest before midlength; male 
hypopygium with the lobe of basistyle and the outer dististyle both 
terminating in acute black spines. 

Male.—Length, about 6 mm.; wing, 5.6 mm. 

Rostrum and palpi black. Antennae black throughout; basal flagellar 
segments globular, the outer segments passing into oval; terminal seg- 
ment about two-thirds the length of the penultimate. Head polished 
black. 

Mesonotum entirely polished black. Pleura polished black, with a 
ventral longitudinal area of whitish appressed pubescence. Halteres 
black, the knob light yellow. Legs with the coxae black; trochanters 
obscure yellow; femora obscure yellow, the tips black, somewhat more 
extensive on the fore legs where nearly the distal half is included, narrow 
on the remaining legs; tibiae dark brown, darker at either end; tarsi 
black; posterior basitarsi swollen on proximal half. Wings whitish sub- 
hyaline, heavily crossbanded with dark brown, including an irregular 
area at level of origin of Rs, wider and more diffuse in the cubital and 
anal cells, not involving cells C or Sc; a second narrower fascia at cord, 
nearly parallel-sided, slightly interrupted by the chiefly pale cell /s¢ Mo; 
wing-apex broadly dark, extending basad to level of outer end of cell 
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1st Me; veins dark. Venation: Sc moderately long, Sc; extending to near 
two-fifths the length of Rs, Sc. about mid-distance between origin of Rs 
and tip of Sc; Rs somewhat angularly bent at near midlength; R, about 
twice Roi3,4; branches of Rs arcuated and divergent before midlength so 
cell R,; is widest just before midlength; cell Re at margin more than twice 
as extensive as cell Ry; cell 1st Mz closed, subequal in length to vein M, 
beyond it; m-cu about one-half its length beyond fork of M. 

Abdomen, including hypopygium, black. Male hypopygium with 
the lobe of basistyle a slender, gently sinuous, yellow rod that ends in an 
acute black spine, the base of the latter surrounded by abundant yellow 
setae. Outer dististyle conspicuously clavate, the basal third very 
narrow, the apex dilated into an oval head that is set with small scat- 
tered :spinulae and setae, the inner apical angle produced into a conspic- 
uous straight spine. 


Habitat: Brazil (Rio Grande do Sul). JJolotype, #, Nova 
Teutonia, October 18, 1935 (F. Plaumann). 

Teucholabis (Teucholabis) nigrocorporis is closely allied to 
T. (T.) polita Osten Sacken, which differs in the coloration of the 
legs and in the structure of the male hypopygium. I have given 
supplementary notes on the type-specimen of polita in another 
paper (Diptera, 4: 23-24; 1927). 


Teucholabis (Teucholabis) rubriceps sp. n. 


General coloration of mesonotum varying from polished black to 
reddish, the scutellum broadly yellow; head reddish; knobs of halteres 
light yellow; femora with tips blackened, broadly so on fore legs; male 
with posterior tibiae swollen before tips; wings subhyaline, the stigma 
and a very narrow seam on anterior cord dark brown; cell R2 at margin 
more extensive than cell Ry; male hypopygium with the spine of the 
basistyle with dense setae along mesal margin; outer dististyle a long 
simple rod; apex of aedeagus greatly expanded. 

Male.—Length, about 6.5-7 mm.; wing, 6-7 mm. 

Rostrum yellow, relatively short; palpi black. Antennae with scape 
yellow; pedicel and flagellum black; flagellar segments oval; terminal 
segment about one-half the length of the penultimate. Head with the 
front and anterior vertex yellow, the posterior vertex polished red to 
reddish brown. 

Pronotum yellow. Mesonotal praescutum variable in color, in the 
type polished black, with a small yellow median area at the suture; one 
paratype has the praescutum almost entirely deep reddish, the lateral 
portions blackened; scutum broadly yellow medially, the lobes black; 
scutellum yellow; postnotum black. In the paratype above mentioned, 
the black colorations of the posterior notum are chiefly replaced by 
reddish. Pleura black on the anepisternum and sternopleurite, the 
remainder chiefly yellow, the pteropleurite more conspicuously so. 
Halteres black, the knob light yellow. Legs with the coxae and tro- 
chanters yellow; fore femora yellow basally, the outer two-thirds or more 
black; remaining femora yellow, with the tips somewhat narrowly 
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(about 1 mm.) blackened; tibiae brownish yellow, narrowly blackened 
at base and more extensively at tip; tarsi black; in male, the posterior 
tibiae swollen shortly before tip and the basitarsi dilated on basal 
portion. Wings subhyaline or with a very weak brown tinge, the bases 
of the anal cells clearer; stigma triangular, dark brown, connected with 
a very narrow brown seam on anterior cord; region of arculus and base 
of cell Sc darkened; veins dark brown to black. Venation: Sc; ending 
about opposite one-third to one-fourth the length of Rs, Sc: opposite or 
just beyond the origin of the latter; R2 at or immediately beyond the 
fork of Rs; branches of Rs parallel for much of their length, cell Re at 
margin more extensive than cell R,; distal section of Mii arcuated 
beyond m; m-cu shortly beyond the fork of M. 

Abdomen black, the caudal margins of the segments narrowly yel- 
low, more conspicuously so on the sternites; hypopygium black. Male 
hypopygium with the spine of the basistyle straight, of moderate 
length, simple, much shorter than the outer dististyle; mesal margin with 
abundant yellow setae and a series of five or six teeth, culminating in a 
longer terminal spine. Outer dististyle a long simple blackened rod, 
gently arcuated, the outer margin with scattered appressed spinules, the 
surface with long erect setae from conspicuous tubercles, the apex 
narrowed to a spine. Inner dististyle irregularly bifid at apex, both 
lobes narrowly obtuse or subacute. Aedeagus very dilated and com- 
pressed at apex, with a small curved thumb-like lobe at base of the 
expanded blade. 


Habitat: Brazil (Rio Grande do Sul). Holotype, 7, Nova 
Teutonia, October 30, 1935 (F. Plaumann). Paratopotypes, 
2 #3, November 23, 1935; March 3, 1936. 

Teucholabis (Teucholabis) rubriceps is closest to species such 
as T. (T.) dampfi Alexander and T. (T.) hilaris Alexander, 
differing in the coloration, details of venation and in the 
structure of the male hypopygium. 


Teucholabis (Teucholabis) laterospinosa sp. n. 


General coloration yellow; head reddish; praescutum with three 
confluent polished black stripes; pleura chiefly pale; knobs of halteres 
yellow; fore femora black, the bases narrowly yellow; remaining femora 
almost uniformly brownish yellow; wings whitish subhyaline, the stigma 
and a narrow seam on anterior cord brownish black; proximal half of cell 
Sc darkened; vein Sc short, Rs strongly arcuated; cells Re and R, at 
margin subequal; male hypopygium with the outer dististyle bearing a 
conspicuous spine on mesal edge at about two-thirds the length. 

Male.—Length, about 5 mm.; wing, 5.2 mm. 

Rostrum relatively short, yellow; palpi dark brown. Antennae with 
scape and pedicel yellow, flagellum dark brown; flagellar segments con- 
spicuous, subglobular to short-oval, the outer segments a little more 
elongate. Head reddish. 

Pronotum reddish yellow. Mesonotal praescutum with the ground- 
color yellow, chiefly covered by three confluent polished black stripes, 
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restricting the ground to humeral triangles and a yellow median area at 
the suture; median area of scutum and cephalic portions of the lobes 
yellow, the remainder of lobes polished black; scutellum yellow; medio- 
tergite black, a little more reddish on cephalic portion; pleurotergite 
black, contrasting abruptly with the chiefly yellow pleura; ventral 
sternopleurite brownish black; a longitudinal stripe on ventral pleurites, 
covered with an appressed whitish pubescence. Halteres brownish 
black, the knob clear light yellow. Legs with the coxae and trochanters 
yellow; fore femora black, with only the proximal fifth or sixth yellow; 
remaining femora uniformly brownish yellow, the tips not or scarcely 
darkened; tibiae brownish yellow, the posterior tibiae (male) with a 
swollen black subterminal ring; tarsi black, the proximal third of pos- 
terior basitarsus (male) dilated. Wings whitish subhyaline; stigma and 
a narrow seam on anterior cord brownish black; proximal half of cell Sc 
darkened; veins dark brown to black. Venation: Sc short, Sc; ending 
about opposite the basal sixth of the strongly arcuated Rs, Sce a short 
distance before origin of the latter; Re at fork of Rs; branches of Rs 
parallel for most of their length, the anterior branch a little curved 
cephalad at tip, R; deflected very strongly caudad, so cell Ry at margin 
is fully as extensive as cell Ro; cell 1st Mz relatively elongate, subequal 
to vein M; beyond it; m-cu just beyond the fork of M. 

Abdomen black, the caudal margins of the more basal segments, 
especially of the sternites, narrowly yellow; hypopygium black. Male 
hypopygium with the spine of the basistyle elongate, glabrous, at apex 
obliquely narrowed to an acute point. Outer dististyle relatively stout, 
bearing a conspicuous spine on mesal edge at near two-thirds the length; 
surface of style with numerous spinulae and scattered elongate setae. 
Inner dististyle with apex broadly rounded, the lateral portion of apex 
with two short blunt teeth; a conspicuous black tubercle on face of style 
at base. Aedeagus greatly compressed on distal portion. 

Habitat: Brazil (Rio Grande do Sul). Holotype, #, Nova 
Teutonia, January 24, 1936 (F. Plaumann). 

The present species is closest to Teucholabis (Teucholabis) 
nigrosignata Alexander, of Cuba, differing in the details of 
body-coloration, the venation, and details of the wing-pattern, 
and in the structure of the male hypopygium, especially of the 
dististyles. 


Helobia St. Fargeau 


Helobia colombiana sp. n. 


General coloration grayish brown, the praescutum with three, nar- 
row, darker brown stripes; pleura with a narrow, dark brown, longi- 
tudinal stripe; pattern of wings heavy and distinct; male hypopygium 
with the outer dististyle very strongly bifid, the arms with coarse con - 
spicuous teeth; gonapophyses entirely blackened, the outer margin of 
both lobes with slender teeth. 

Male.—Length, about 4.2 mm.; wing, 5.2 mm. 
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Rostrum and palpi brownish black. Antennae black; flagellar seg- 
ments short-oval, with short verticils. Head dark brownish gray. 

Pronotum dark, variegated by obscure yellow. Mesonotal praescu- 
tum grayish brown, variegated by three narrow, darker brown stripes, 
the lateral pair traversing the black pseudosutural foveae; humeral 
region of praescutum restrictedly yellow; scutum grayish brown, each 
lobe with a slightly darker brown line along mesal edge; scutellum light 
brown, darker medially; mediotergite brownish gray. Pleura brownish 
gray, with a narrow, darker brown, longitudinal stripe extending from 
behind the fore coxae, crossing the suture between the anespisternum 
and sternopleurite and onto the pteropleurite, the latter more yellowish. 
Halteres with base of stem light yellow, the remainder black. Legs with 
the coxae obscure brownish yellow, the fore pair darker basally; tro- 
chanters obscure yellow; femora obscure yellow, deepening to dark 
brown before the narrow pale tips; tibiae and tarsi passing through pale 
brown to black. Wings grayish, with a heavy brown pattern, including 
the cord, outer end of cell /st M2, Sc, origin of Rs, tips of outer radial 
veins, supernumerary crossvein, and in the Anal field; veins brown. 
Venation as in the genus. 

Abdomen dark brown, restrictedly yellow on lateral portions; hypo- 
pygium dark. Male hypopygium with the outer dististyle very strongly 
bifid, much more so than in /Aybrida, the lower or more cephalic arm 
longer and stouter than the outer arm, about equal in length to the stem 
of the style; both arms provided with coarse conspicuous teeth on their 
outer faces. Gonapophyses entirely blackened, including the small 
lateral lobe, the whole outer surface with numerous slender teeth. In 
hybrida, the lateral lobe or branch is pale, shaped more or less like a 
duck’s head, without teeth. 


Habitat: Colombia. Holotype, #@, Usme, 25 kilometers 
south of Bogota, altitude 10,000 feet, June 9, 1936 (P. C. 
Stone). 

Helobia colombiana is quite distinct from the widespread, 
more northern H. hybrida (Meigen) in the structure of the male 
hypopygium. The small H. macroptera (Philippi) of Chile and 
Argentina is again entirely distinct from both of the above, the 
male hypopygium being of very different structure. 
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The Passalus beetle is commonly found in North Carolina in 
colonies in rotten oakwood, which constitutes the main part 
of itsfood. In this study an investigation has been made of the 
histology and cytology of the digestive tract in the adult and 
larval forms. 


MATERIAL AND METHODS 


The specimens were obtained from the Duke forest where they occur 
in the oak logs in great numbers. The adult beetles were collected at 
different times of the year while the larvae were reared from eggs 
collected in the field during June and July. For general histological 
study Gilson’s fixative was superior to that of Bouin’s or Zenker’s. 
Three or four hours were sufficient for fixation, and the usual procedure 
in dehydrating and imbedding followed. Cedar oil or anilin-oil-methyl 
salicylate was more satisfactory than xylol or butyl alcohol for clearing. 
It was necessary to remove the gut contents of adults and of larvae 
which had begun feeding. 

Janus green and neutral red were used for the study of cytoplasmic 
inclusions in the fresh material. Regaud’s solution was superior to 
Champy’s or Yao-Nan’s for the study of mitochondria in fixed material. 
The preparations were stained with Heidenhain’s iron haematoxylin 
and Altmann’s acid-fuchsin and picric acid. Ludford’s modified Mann- 
Kopsch method was also suitable for the study of mitochondria as well 
as for Golgi bodies. The mitochondria in the fore- and hind-gut were 
demonstrated clearly by Ludford’s method in material left in the osmic 
acid for three days; they showed in the midgut, however, after being 
impregnated for only two days. Golgi bodies were shown best in fore- 
and hindgut material impregnated for three and one-half or four days, in 
midgut material impregnated for three days. 
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GENERAL HISTOLOGICAL STRUCTURE 


The histological structure of the digestive tract of Passalus cor- 
responds in general to that described for other insects. The foregut is 
comparatively simple. In the adult it comprises one-tenth, in the 
larva one-twenty-fifth of the whole gut. In both there is a buccal 
cavity, a very short pharynx, and a short oesophagus. The midgut, a 
tube provided with many small caeca or diverticula, is coiled in the 
abdomen of the adult and is approximately half as long as the whole 
tract. It extends straight through the body of the larva, is wider in 
diameter, and about three-fourths as long as the whole tract. In the 
larva it has an out-pouch at the anterior and another at the posterior 
end. The hindgut in the imago has an anterior and a posterior pylorus, 
a small intestine, and a rectum. The regions in the larva correspond to 
those in the adult. However, here the pyloric region has only one part. 
The hindgut of the larva is folded in the body cavity so that a cross 
section may show all three divisions, as in Figure 10. The differences in 
the epithelium of the various parts of the digestive tract are discussed 
below. 


MUSCLE LAYERS 


There is an external longitudinal and an internal circular muscle 
layer throughout the whole system. In addition in the foreguts of both 
forms and in the hindgut of the larva there is a longitudinal layer 
internal to the circular one. There are also diagonal dilator muscle 
fibers attached to the pharynx which have their origin on the exo- 
skeleton of the head and in the larva dilator muscles arising on the 
exoskeleton of the last abdominal segment. 

The external longitudinal muscle layer in the adult occurs as six 
bundles between the folds of the posterior pyloric region (Fig. 6), is 
particularly well-developed in the small intestine, but occurs as a thin 
layer in the rectum. The external longitudinal muscle layer in the larva 
is uniform throughout. The circular muscle fibers in the adult are 
heavier and more numerous in the foregut than in the midgut and form 
the main musculature of the cardiac valve. They extend around the 
whole posterior pyloric section but some are inserted between the folds. 
The circular fibers in the larva are well-developed at the junctions 
between the pyloric region and the small intestine and between the 
small intestine and rectum. The internal longitudinal fibers form a 
thin layer in both forms. In the foregut they are inserted in the chitin 
of the epithelium a short distance anterior to the cardiac valve. 

Whether muscle layers are continuous from one region to another 
in insects is variable. Mingazzini (1889) says that in the lamellicorn 
larvae he studied the entire musculature of the three regions was dis- 
tinct, while Russ (’08) working on a trichopteran, found the longi- 
tudinal muscles of these regions continuous. Rungius (’11) states that 
muscle is probably never continuous in insects. The external longi- 
tudinal muscle in Passalus is certainly continuous throughout its course. 

According to Maziarski (’31) the musculature of the digestive tract 
of all insects is probably made up of internal and external longitudinal 
layers and a medial circular one. This assumption was made after 
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examination of representatives of nine families of beetles, but does not 
hold true in Passalus and many other insects. For example, in regard 
to the foregut Wertheimer (1887) reports no external longitudinal fibers 
in the foregut of Oryctes nasicornis; Mingazzini (1889) says there are no 
inner longitudinal fibers in lamellicorn larvae; and Deegener (Schréder, 
28) mentions that the only muscle fibers present in the larva of Lasius 
flavus are circular ones. In regard to the midgut, Deegener (Schréder, 
28) points out that in the majority of cases the muscle occurs in two 
layers, an external longitudinal layer and an internal circular one. 
However, he cites as an exception the midgut of Hydrophilus (Rengel, 
1898) where there is another longitudinal layer internal to the circular 
one. It would seem that Maziarski’s general conclusion is not 
warranted. 

Striations appear in all muscles in Passalus although they are not 
well developed in newly-hatched larvae. Most authors agree they are 
present in insect muscle although certain of them, including Mingazzini 
(1889), Van Gehuchten (1890), and Rungius (’11) maintain there are 
some fibers without them. Mingazzini found striations in the larvae only. 

No detailed study was made of muscle attachment in Passalus but 
it was noted that the dilator muscles of the pharynx are inserted into 
the chitin of the foregut as shown in Figure 8. Early workers believe 
that muscle is not connected directly to the chitin. Holmgren (’02) 
and Snethlage (’05) hold that between the muscle and chitin there are 
‘‘Epithelmuskelzellen’”’ which function both as epithelial and as muscle 
cells. Henneguy (’06) and later workers believe that the muscle is 
inserted on the chitin by epidermal tendons. The observations in 
Passalus seem to support this view. As shown in Figure 8 there are 
several epidermal tendons which pass out into the cuticle from the end 
of the muscle cell. In Passalus the fibers widen slightly at the distal 
ends inside the chitin. 

No serous coat is present in the foregut of either form but is found 
around the mid- and hindguts in both. The presence and position of 
such a membrane in insects are variable. Deegener (Schréder, ’28) says 
it is lacking in most insects; Rengel (1898) and Deegener (’04) report it 
in the Hydrophilus larva, and Russ (’08) says it is present in the larva 
of Anabolia. In some cases it is incompletely formed or occurs at only a 
certain time and without forming a complete coat, as in Cybister 
(Deegener, ’08). A serous coat was reported by McDunnough (’09) in 
the larva and imago of Chrysopa, not outside the whole gut but in the 
midgut between the inner circular and outer longitudinal muscle. He 
also saw it in the small intestine of the Chrysopa adult between the 
musculature and basement membrane. The structure of the serous coat 
is also not settled. In Passalus it is nucleated but Deegener (’04) and 
Rengel ( 1898) describe it as a structureless membrane, and Russ (’08) 
says it is non-nucleated. 


EPITHELIUM 


The single-layered epithelium, resting on a nucleated basement 
membrane, is characteristic of all sections of the digestive tract in 
Passalus. In the fore- and hindguts it has a chitinous intima. The adult 
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" foregut cells are typically cubic, rounded at the distal ends, and usually 
closely joined at the sides. These vary in shape, fitting into the spaces 
afforded by the folds into which the whole foregut epithelium is thrown. 
The larval foregut cells are also typically cubic, but these vary more in 
shape, sometimes being flat. In the larva only the anterior foregut has 
the epithelial layer folded. In the anterior oesophagus, where there is 
considerable folding, the cells may have their proximal ends extend to 
form triangular cells with intercellular spaces, but they are still in a 
distinct layer. They also vary in shape and in the position of the 
nucleus depending on age. In young adults where chitin formation is 
incomplete, and where the chitin may be only one-third as wide as the 
height of the cell, the cells are taller than broad, the nucleus eccentric 
and toward the proximal end of the cell. In older specimens where the 
chitin is twice as wide or slightly wider than the height of the cell, the 
cells are broader than tall and the nucleus is central. Thus the proto- 
plasm of the cell decreases as chitin develops. 

The pharynx, a slightly shorter region in the adult than in the larva, 
has its intima thickened and extended into fine, needle-like teeth, as 
shown in Figure 16. These are more numerous and better developed in 
the larva. The cells have a fine granular cytoplasm which stains with 
eosin somewhat more strongly at the distal border. The spherical nuclei 
contain little clumps of chromatin evenly distributed. 

Certain other insects have foregut cells differing in form and function. 
Mingazzini (1889) found in some lamellicorn larvae that the oesophagus 
was divided into three parts, each part with a characteristic epithelium. 
Petrunkewitsch (’00) likewise distinguished different types of cells in 
the foregut, the usual polygonal ones, interstitial ones, and some with 
sickle-shaped nuclei. Some lamellicorns such as Oryctes nasicornis have 
unicellular salivary glands (Wertheimer, 1887). Other glandular cells 
were described by Portier (’11) in the oesophagus of the larval Dytiscus. 
However, none of these differences in epithelial cells is seen in Passalus, 
nor is there any evidence of a periodic sloughing off of the foregut 
epithelium as Russ (’08) found in Anabolia. 

The union between foregut and midgut is partly closed by a cardiac 
valve (Fig. 3) the epithelium of which belongs to the foregut but dif- 
fers from it in that its cells are very narrow and columnar and have oval 
nuclei. There is a gradual transition from typical foregut cells to cells 
of the valve. 

The midgut epithelium, which in the adult is laterally folded for a 
short distance posterior to the cardiac valve, consists of one layer of 
tall columnar cells, all functioning alike. On the upper cell surface is a 
““Stabchensaum,” rhabdorium, plateau, or brush border, uniform in 
diameter, and made up of closely crowded extracellular protoplasmic 
processes. In the basal region are prominent protoplasmic striations 
which stain deeply with eosin (Fig. 17), while between the nucleus and 
distal border is a fine granular cytoplasm. The oval or almost round 
nucleus, with its evenly distributed clumps of chromatin, lies between 
these two regions in the upper one-third of the cell. In some osmicated 
material a row of granules can be seen where the individual processes of 
the brush border arise in the cytoplasm, although no methods were 
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purposely used to demonstrate them. Breaks in the brush border may be 
attributed to the extrusion of old cells, secretory phenomena, or mechan- 
ical injuries in preparation. 

The outpouches of the midgut in the larva have the same structure 
as the main tube. The small caeca are simple diverticula composed of 
cells continuous with the other midgut cells (Fig. 13). These caeca are 
not alike in form of function, but on the basis of differences between 
them, divide the midgut into three sections. In the anterior fifth of the 
midgut in the adult the numerous caeca are long and thin with necks 
slightly narrower and distal ends slightly wider than the main bodies of 
the caeca (Fig. 13). In the middle three-fifths the caeca are so swollen 
in the main portion that there are practically no necks (Fig. 15). How- 
ever, there are still small regions of regenerative cells in the form of 
small knobs at the distal ends or at the sides of the caeca. These groups 
of regenerative cells, constituting the nidi, may be so numerous that the 
cell borders are difficult to distinguish. They often do not show in the 
same section as the main body of the caecum. In the posterior fifth of 
the midgut the caeca are not as long but resemble those of the anterior 
section. The caeca characterizing the three regions in the larval midgut 
are essentially the same, but in newly-hatched and very young larvae 
are more numerous and made up of only a very few more or less flattened 
cells. Caeca in the middle region are not as swollen as in large larvae or 
adults (Fig. 11). Caeca in the anterior and posterior regions are repre- 
sented by little more than knobs of regenerative cells (Fig. 9). The 
relation of these caeca to secretory phenomena is discussed below. 

According to Shinoda (’27) the midgut of Passalus is of the orthop- 
teran type since it has well developed nidi, or nests of regenerative cells, 
no goblet cells, and since its wall is provided with many small diver- 
ticula. The only differences in the epithelial cells of the Passalus midgut 
are a result of secretory phenomena. There is no evidence of a total and 
periodical sloughing off of epithelium as in Hydrophilus (Bizzozero, ’92, 
and Rengel, ’98), for all sections made of adults and larvae of different 
ages show the same conditions. Undoubtedly old cells degenerate and 
are pushed out into the gut lumen by younger cells approaching from 
each side, which have in turn gradually slipped down from the tips of 
the diverticula where regenerative cells always occur. This is the case 
in Dytiscus as Deegener (710) found. 


PYLORIC REGION 


The mid- and hindguts are separated by a pyloric valve much like 
the cardiac valve. Its epithelium belongs to the hindgut and has the 
very narrow columnar cells and oval nuclei which characterize the cells 
of the cardiac valve. Here, also, there is a gradual transition from 
typical midgut cells to cells of the valve and then to typical pyloric 
cells. All the nuclei of hindgut cells are round. 

Directly posterior to the pyloric valve in the adult is a short section, 
which I have called the anterior pyloric section, in which the intima of 
the cubic epithelial cells is extended into short chitinous teeth. These 
are directed posteriorly and are sharply pointed, with thick bases. By 
longitudinal infoldings of the wall a valve-like arrangement is formed 
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between this section and the next (Fig. 4). This region effects a union 
between the mid- and hindgut and probably controls the passage of 
intestinal contents. 

The posterior section of the pyloric section, as shown in Figure 1, 
gives off a diverticulum whose walls are continuous with it. The wall of 
the main posterior pyloric section is folded longitudinally and laterally 
so as to form six pouches in a cross section. Each pouch is more or less 
closed by chitinous teeth which have their greatest development at the 
tips of the folds, as illustrated in Figures 5 and 6. The epithelium varies 
in shape and in proportion to the amount of chitin developed. In young 
adults, before the teeth are all formed, the intima is broad and flared; 
in mature adults long chitinous teeth are found, as shown in Figure 5. 
Between this section and the small intestine is a region with four longi- 
tudinal folds in which the chitin is thickened and extended into blunt 
teeth (Fig. 7). Posterior to the lateral infolding, at about the middle of 
this section the amount of chitin decreases and there is a gradual 
transition to the small intestine. 

The epithelium in the pyloric region of the larva, which is composed 
of only one section, is characterized by cubic or flattened cells. In the 
middle of the section the short teeth are stronger and have thick bases. 
This region leads to the small intestine by a valve-like structure formed 
by complex longitudinal foldings of the wall. 

The presence of teeth in the pyloric region in insects is variable. 
They are reported by McDunnough (’09) in the imago of Chrysops, by 
Russ (’08) in the larva of Anabolia, by Rengel (1898) in the larva of 
Tenebrio molitor, and by Deegener (’04) in the larva of Cybister and of 
Malacosoma. Deegener suggests that their presence is a primitive 
characteristic and that they are usually not present in the adult, or if 
present are very small. This seems likely in the insect larvae he studied 
since they are weakly developed there, but in Passalus the teeth are 
much stronger and the whole pyloric section is much longer in the adult 
than in the larva. The extent of development of the region in this 
insect, at least, seems not to represent a condition merely carried over 
from an earlier form, but one which has a very definite and important 
function, the nature of which is difficult to interpret. 

The two functions usually ascribed to regions where there are 
chitinous teeth are grinding and straining. It does not at first seem 
reasonable that, after the woody material used as food by Passalus has 
traversed the whole long midgut, and has thus been acted upon by 
digestive secretions in preparation for absorption, it still needs to be 
broken up. However, this may be the very purpose of the posterior 
pyloric section, for obviously the small intestine which follows has a 
smaller diameter than the midgut, and a further breaking up of indi- 
gestible material may be necessary. 


INTESTINAL FUNGI 


The constriction of the pouches suggests that material is held within 
for some time, for no large pieces of woody material are found there, 
as in the central part of the section. Instead there is a tangled mass of 
stringy material and many strands of fungal hyphae. Whether these 
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hyphae are always present is not certain. It is possible that they have 
a special function in digestion since as far as could be told, they were 
living when the tissue was fixed. Adults will live on sterilized rotten 
oakwood for months (Pearse, Patterson, Rankin, and Wharton, 736) 
but this does not exclude the possibility of the presence of fungi in the 
tract because it may be that the fungi once present, are able to maintain 
themselves without being reintroduced. Or, the metabolism of the 
adults which had fungi in them may simply have been so low that the 
fungi were vigorous. ‘That does not seem likely because the filaments 
occurred in all sections in which the gut contents had not been removed. 
A possible function of the fungus would be to secrete enzymes which 
would further break down woody material left in the hindgut after its 
course through the midgut. 

It is strange that none of the fungal filaments were seen in any 
other section of the gut. Possibly they would be digested there. They 
might have started from spores which were not digested and which in 
the posterior pyloric section found an environment suitable for develop- 
ment. Once inside these pouches in such an environment they would 
not likely pass out and into the central part of the gut. Whether such a 
function can be attributed to the fungi cannot be known until there is 
further investigation in regard to the identification and physiology of 
the fungus, and until it is certain that it is always present. 


SMALL INTESTINE 


In the small intestine the columnar epithelium has the protoplasm 
distinctly striated at the distal ends. The nuclei, which are in the 
proximal third of the cells, have the chromatin more or less scattered. 
The chitinous intima is rather wide in the adult and thin in the larva. 
There is no extension of it into teeth. The epithelium changes abruptly 
in the adult to typical rectal cells but in the larva is longitudinally 
folded to form a valve between these two regions. 

This type of small intestinal epithelium differs from that described 
by Deegener (Schréder, ’28) as typical, in that the height of the cells is 
greater than the width, that the cell borders are all distinct, and that 
the nuclei are not exceptionally large. Teeth are never present in insects 
in this region but Mingazzini (1889) reports complicated tree-like 
processes developed from the chitinous intima in lamellicorn larvae. 
Fine pores exist between these branches and, according to Mingazzini, 
aid in the resorption of dissolved nutritive material. No such structures 
are present in either form of Passalus. 


RECTUM 


The epithelium of the rectum of the adult is quite different from 
that in the larva. In the adult the cubic cells are provided with a chit- 
inous intima which is thickened at its external border and almost twice 
as wide as the height of the cells. In a cross section the epithelium can 
be seen to be folded longitudinally so that five folds are present. The 
rectal epithelial cells of the larva are columnar but wider than those in 
the small intestine, have their nuclei especially large, and their proto- 
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plasm striated somewhat at the distal end. The chitin is much wider 
than in the small intestine but not as heavy as in the adult. 

There is no caecum in the rectum of either form or any evidence 
of unicellular glands, as Wertheimer (1887) finds in Oryctes. Nor is the 
epithelium ever absent or so reduced and flat as to look like a delicate 
plasmatic skin with sparsely scattered nuclei, as is reported in certain 
insects. Steudel (’13) says that nearly all lamellicorns have hindguts 
with some places where no chitin is developed over their epithelium. 
This is not true in Passalus. There is no evidence that the epithelium in 
any of the hindgut is cast off at each larval moult. There is no expanded 
rectum provided with a branched intima as Mingazzini (1889) found. 


CAECA 


As previously mentioned, the small caeca characterizing the midgut 
of both adult and larval beetles are simple diverticula whose cells are 
continuous with those of the midgut. There is no essential difference in 
function between those of the mature and immature forms and no 
difference in either form or function between the caeca of adults and 
large larvae; in fact it is impossible to tell the midguts of these two 
apart. In newly-hatched larvae the caeca are necessarily smaller, and 
as noted above, more numerous and composed of a few more or less 
flat cells. 

The diverticula of both the anterior and posterior midguts of adults 
or large larvae are long and thin, have necks slightly narrower and 
distal ends slightly wider than their main bodies. None of these cells 
produces secretion (Fig. 13). In passing posteriorly from the anterior 
midgut, there is a gradual change in the cellular composition of the 
caeca. In all cases, the cells at the tips, comprising the nidi or regen- 
erative cells, and the cells in the necks of the diverticula remain the 
same, but those between become modified. At first, as seen in a cross or 
longitudinal section, or in a whole mount of a caecum, only a very few 
cells have changed (Fig. 14). The cell borders have broken down; the 
chromatin of the nuclei has clumped together, shrunken away from the 
nuclear membrane, and has become deeply stained; and the cytoplasm 
has become coarsely granular and may be extruded into the lumen of 
the caecum. 

Passing posteriorly still further, more cells in the main body of the 
caecum have changed in this manner. There is also a corresponding 
increase in the diameter of the middle portion of the caecum, until, as 
in the middle midgut, (Fig. 15), the caeca are so swollen that there are 
practically no necks and the regenerative cells at the tips are in the 
form of little knobs. A cross section through such a caecum is shown in 
Figure 12. All the cells in the main body have broken down. 

The diverticula of the midguts of newly hatched larvae, though 
rather primitive, in that they have fewer cells, are greater in number. 
None has a well developed neck; consequently the change from the tall 
columnar epithelial cells to the more or less cubic or flat ones in the 
body of the caecum is a more rapid one than that in the adults or larger 
larvae. The anterior and posterior midguts have short, knob-like caeca 
of regenerative cells (Fig. 9) practically devoid of lumens. As in the 
older larvae there is a gradual change from the type of caeca in the 














| 


1937] Patterson: Digestive Tract of Passalus 627 


anterior section to that in the middle section, and from that to the type 
in the posterior section. 

Caeca of the middle midgut are somewhat larger (Fig. 11). Asa 
rule only a part of these cells is secreting so that regenerative cells 
remain at the tip and replacement cells along one side. There may be 
whole cells in the lumen. The changes which take place in the caeca of 
the newly-hatched larvae are not as striking as in the adult. No cases 
were observed where all the cells of the main body were broken down. 
As the larva grows these caeca acquire a greater number of cells and 
become more active until conditions such as those described for larger 
larvae are present. 


CAECAL FUNCTION 


That a secretion of some kind is produced in the gastric diverticula 
of Dysticus has been shown by Portier (11) and Rungius (’11), but the 
caeca in this insect are different in structure and formed in a different 
manner. They start as small crypts which, during growth of the larva, 
become longer as cells from the gut begin to form the necks. These 
neck cells then produce a “‘Cryptenzellensekret.”” No process of secre- 
tion occurs in the real crypt cells. Deegener (Schréder, ’28), however, 
says that in Dytiscus the crypt cells, with the exception of the regen- 
erative cells, do take part in digestion and are provided with a clear, 
sharp, brush border, while the remaining epithelium is like the rest of 
the midgut, morphologically and physiologically. He believes that the 
crypts are glands, since in the Hydrophilus larva, as well as in Dytiscus, 
the crypt secretion gets into the gut lumen. He cannot agree with 
Biedermann (’10) who says that the chief difference between the crypts 
and the long tubular diverticula is that the former have for their purpose 
the replacement of midgut cells which have been used up in secretion 
while the latter function chiefly as glands, similar to the ‘“ Leber- 
schlauche”’ of many Crustacea. 

The impression is given that all the caeca in the midguts of the 
Hydrophilus larva and both forms of Dytiscus are secreting ones. There 
is no description in the literature of a type of secretion like that in the 
caeca of Passalus. It is possible that the secretion produced here has a 
particular use in the digestion of the woody food used by the beetles. 
The cycle of secretion in the caeca in the middle midgut is not known. 
It is not of the kind represented by this transition from the one section 
to the other for no caeca were ever seen in the middle midgut which were 
not secreting. Thus it is very probable that the process is continuous. 
The question then arises as to whether the purpose of the cells at the 
tips of these caeca is only to replace the midgut epithelium or whether 
it is also to give rise to cells which take part in secretion. Obviously 
some of them must replace the normal midgut epithelial cells or even- 
tually there would be none of these between the caeca, and the neck 
cells of the caeca would become old and break down so that the caeca 
could no longer exist. There would then be a break in the epithelium. 
The conclusion that some of them do slip down the neck of the caecum 
and that others are destined to be used up in the secretory process is 
unavoidable. It is easy to see how this occurs in a caecum such as that 
in Figure 14 where, in at least one region, of the caecum there is a con- 
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tinuation of non-secreting cells from the regenerative cells at the tip to 
cells in the midgut epithelium. But as previously pointed out, many 
caeca clearly have no cells in the swollen part of the caecum which are 
not secreting so that there is no connection between the regenerative 
cells and midgut epithelial cells. Such caeca must represent only a stage 
in the process. If one caecum were observed throughout a long enough 
period of time, very likely such a stage as just mentioned would be 
followed by stages where some cells slipped down to the neck of the 
caecum to replace the epithelial cells of the midgut. 


MITOCHONDRIA AND GOLGI MATERIAL OF FOREGUT 


Most work on the cytoplasmic inclusions of insect cells has been 
done on glands such as the salivary glands of Platyphylax (Beams and 
Wu, ’29) and the salivary glands of the chironomus larva (Beams and 
King, ’32). Some work has been done on the Golgi apparatus of insect 
muscle (Beams, ’29), but only a beginning has been made in the detailed 
cytology of any part of the digestive tract. 

No cytoplasmic inclusions which might be identified as mitochondria 
show in the foregut when the material is fixed with Regaud’s solution 
by the same methods used for the mid- and hindguts. In material 
osmicated for three days, however, definite bodies are always present, 
the form and distribution of which are quite constant. These bodies are 
in the form of spheres, short rods, and filaments, and have a tendency 
to be grouped at the sides of the nucleus and in the distal region, although 
there are a few scattered filaments in the proximal part of the cell 
(Fig. 16). Examination of living tissue stained supravitally with Janus 
green confirms the presence of these bodies. 

In the foregut, material which is osmicated for three days sometimes 
shows separate and discrete structures which are identified as Golgi 
material, but these are demonstrated more clearly when osmification is 
extended to three and one-half or four days. As shown in Figure 19, 
these are in the form of complete rings, crescents, and variations of 
these. Many of the structures which appear to be complete rings are 
found to be incomplete on careful focusing. They differ in size, occasion- 
ally being very conspicuous. Although they are always distinct, with 
clear outlines, the osmified material is not uniformly deposited. Thus in 
a ring, a part of several parts of it may be thicker than the remaining 
portions. Although the ring-shaped bodies are the most obvious forms 
and occur most frequently, the smaller half rings are numerous, as are 
also those bodies which resemble small spheres with tails curved around 
them. In the foregut cells there is no particular arrangement of these 
bodies; they are more or less scattered throughout the cell protoplasm, 
although there is a slight tendency for them to be located around the 
nucleus. They are more resistant to the action of potassium perman- 
ganate and oxalic acid than the mitochondria, which are easily bleached, 
and resist the action of turpentine indefinitely. Such characteristics are 
considered good evidences of their Golgi nature according to Nahm 
(33) who made a particular study of Golgi elements, although she 
considered only vertebrate material. When fresh material is stained 
supravitally in neutral red, there appear in the cells stained bodies which 
resemble the Golgi bodies in form and distribution. 
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As far as the writer’s knowledge extends there is no reference any- 
where in the literature to a detailed cellular study of the foregut epi- 
thelium in insects. Consequently the meaning and function of the 
mitochondria and Golgi bodies which show in the foregut are absolutely 
unknown. It is even difficult to guess what they are since little informa- 
tion is given in the literature regarding the meaning and function of this 
region as a whole other than as a passage to convey food to the midgut. 
The cells are not chiefly secretory for in most cases salivary glands are 
distinct and outside the gut. The epithelium may be ‘‘poorly developed ”’ 
as is suggested by various workers, in regard to the amount of cytoplasm 
left after the formation of chitin, and the protoplasm may be at a low 
metabolic level, but that there is still important activity is possibly 
suggested by the presence of both mitochondria and Golgi bodies in the 
material. 


MITOCHONDRIA AND GOLGI MATERIAL OF MIDGUT 


Midgut material treated with Regaud’s solution shows mitochondria 
in only the proximal half of the cell (Fig. 18). These are all filamentous, 
those in the basal region being long filaments while those just beyond the 
nucleus are shorter ones. The presence of the protoplasmic striations, 
probably tonofibrils, complicates the identification of the mitochondria 
and very careful study must be made not to confuse the two. Similar 
cells treated with osmic acid likewise demonstrate filamentous mito- 
chondria in the upper third of the cell (Fig. 20), but in addition show 
very numerous shorter filaments, rods, and spheres in the central region 
and toward the distal end of the cell. Janus green used supravitally on 
living tissue also stains the filaments, short rods, and spheres. 

Osmification sufficient to impregnate Golgi structures in the midgut 
is obtained in three days. As in the foregut, the Golgi material here 
(Fig. 21) is made up of discrete bodies, and occurs as compound rings, 

variations of these, and also very frequently as irregular oval or almost 
rectangular structures. These differ in size varying from rather small 
bodies to considerably larger ones, but on the whole are more uniform in 
this respect than the Golgi bodies of the foregut, and show the same 
uneven distribution of osmicated material. The midgut differs from the 
foregut in the characteristic distribution of the Golgi bodies; most of 
them lie near the nucleus but distal to it, that is, in the central part of 
the cell.. A very few are present on the other side of the nucleus but 
none extends any farther proximally than is shown in Figure 21. Cells 
in the necks of the caeca never take up much osmic acid. In caeca 
which are secreting, there is a deposition of osmicated material in the 
form of granules which resemble neither mitochondria nor Golgi bodies. 
Neutral red used supravitally does not enter midgut cells except in the 
very distal region. There bodies are definitely stained but do not cor- 
respond to those seen either in material fixed with Regaud’s solution or 
in osmicated tissue. 

The midgut has been studied cytologically in certain insects. Hertig 
(23) described certain cytoplasmic inclusions in the ventriculus of the 
honey bee but does not refer to them as mitochondria and gives no indi- 
cation of their function. Shinoda in Bombyx (’26) and in Orthoptera 
(27) characterizes the mitochondria as short rods and granules, while 
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de Boissezon (’30) in Culex, Woodruff (’33) in the grasshopper, and 
Gresson (’34) in the cockroach all find, in addition to short rods, fila- 
mentous mitochondria which occur in the basal part of the cell. All of 
these investigators suggest a relation between the form and distribution 
of the mitochondria and secretory processes. Shinoda’s explanation in 
Bombyx necessarily differs from the explanations given by the other 
investigators just mentioned since in Bombyx goblet cells are found 
while in Culex and the orthopterans none occur. In Bombyx the number 
and distribution of the mitochondria seem to Shinoda to be definitely 
related to secretion for in all cases during secretion the short rods are 
abundant and uniformly distributed while secretory granules are 
heaped at the distal end of the cell. During cellular senescence they are 
present only at the base of the cell; in a goblet cell they are absent; and 
in a cell which is once more preparing for secretion they begin to mul- 
tiply and again fill the cell. In an absorbing cell they are uniformly 
distributed except in the distal one-third of the cell where they do not 
occur at all. De Boissezon and Gresson suggest that the morphology of 
the mitrochondria is an index to the secretory cycle. Woodruff always 
found long filaments in the base of the secretory cell, shorter ones in the 
central region and very short rods or granules distally; therefore he 
suggests that in this cell there is a situation comparable to the secretory 
cycle observed in thyroid cells of the albino rat. 

The present work on the Passalus midgut deals only with the form 
and distribution of the mitochondria. In general these concur with the 
reports of de Boissezon, Woodruff, and Gresson, since filamentous 
mitochondria are found in the basal region to the level of the nucleus, 
some extending past it, shorter filaments and rods in the middle region, 
and rods and granules further distally. Although this work on Passalus 
does not agree with Shinoda’s account of the form of the mitochondria 
in the silkworm it must be remembered that the epithelium in Bombyx 
is entirely different from that in a coleopteran, for there it consists of 
two morphologically distinct cells, cylindrical and goblet ones. No 
mitochondria occur in the very distal end of the cell in Passalus as they 
do in the secretory cells of the silkworm, mosquito, grasshopper, and 
cockroach, nor do they occur there in the absorbing cells of the silkworm. 
The absorbing cells of Culex and the cockroach are apparently no 
different from the secreting ones. Woodruff does not make clear the 
difference between absorptive and secreting cells in the grasshopper. 
Little can be said in regard to the method of functioning of mitochondria 
and secretion in Passalus because this process itself has not been studied. 
The method is probably the same that occurs in Orthoptera where there 
are no goblet cells but more information must be gained before any con- 
clusion can be drawn concerning the relationship between the mito- 
chondria and different secretory phases. 


FUNCTION OF GOLGI ELEMENTS 


The only references to the Golgi elements in the midgut which have 
been found are by Shinoda (’27), de Boissezon (’30), and Gresson (34). 
Shinoda and de Boissezon simply describe them and not their position 
in the cell but do not attempt to explain their function, although de 
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Boissezon does point out that they are more abundant in absorptive 
cells. Gresson (’34) finds them essentially the same in both secreting 
and absorptive cells, and suggests that the Golgi elements as well as 
the mitochondria have to do with secretion. Because he finds them most 
numerous near the nucleus and absent from the bases, and becasue 
masses of secretion show a few granules of material composed of a brown 
central material surrounded by a dark periphery thus resembling the 
spherical bodies and associated Golgi elements described, he believes 
that developing granules are deposited in the substance surrounded by 
the Golgi elements and remain for some time in association with it. In 
old cells where the Golgi elements are small and less numerous there is 
a large number of fully formed secretory granules. He suggests that this 
material is first separated out in the basal region, probably under the 
influence of the mitochondria. After moving to the vicinity of the 
nucleus it is deposited in the substance surrounded by the Golgi elements 
and finally is converted into secretory granules. 

The present work contributes more knowledge as to the form and 
arrangement of Golgi elements in the cell but does not attempt to cor- 
relate it with any function. The Golgi elements in Passalus are appar- 
ently similar in form to those described by Shinoda, de Boissezon, and 
Gresson, although there is more variation. Shinoda mentions only 
crescents, de Boissezon ‘“‘vesicles,” and Gresson straight and curved 
rods. In Passalus there are variations of these and oval or almost rec- 
tangular shapes. The distribution in Passalus is generally in agreement 
also, although in Shinoda’s orthopterans it seems to be more common 
for the Golgi bodies to be in the bases of the cells than in Passalus. 
They occur only rarely in that position in Passalus. 

Recent studies in many animals suggest that Golgi material rather 
than mitochondria is directly related to secretion. If there is such a 
relation the caeca of the Passalus midgut should offer an ideal place to 
study it since all stages of secretion probably show there. It is quite 
possible that with appropriate technic the nature of the granules in the 
caeca and of the secretory process there might be revealed. 

In the hindgut the cytoplasmic inclusions in the small intestine 
mainly were studied, for here, in both adult and larva, the cell proto- 
plasm is not used up as much in chitin formation as in the pyloric region 
and rectum. Material treated with Regaud’s solution shows the mito- 
chondrial material chiefly in the form of filaments distributed through- 
out the cell but more particularly in the distal region (Fig. 22). Once 
again the presence of protoplasmic striations, this time distally instead 
of proximally, complicates their identification. The filaments are some- 
what shorter here. In osmicated preparations there is the same 
distribution of mitochondria (Fig. 23). The form of the mitochondria 
differs slightly in that the filaments often give indication of a granular 
composition and in that there is a greater number of short rods. The 
same appearance of mitochondria is seen in fresh tissue after the use of 
Janus green supravitally. 

Like the foregut, hindgut tissue which is osmicated for three days 
sometimes shows Golgi bodies, but these are demonstrated more clearly 
where osmification is extended to three and one-half or four days. 
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Exactly the same type of structures are found here as are present in 
the foregut. The irregular rectangular figures conspicuous in the mid- 
gut seldom occur. As a rule there is a greater number of rings, partic- 
ularly in the small intestine of the adult, as illustrated in Figure 24. 
The Golgi bodies, more numerous in this region of the hindgut than in 
the pyloric section, are distinctly outlined but have an irregular deposi- 
tion of osmic acid. In the hindgut there is no particular arrangement of 
these bodies. In the small intestine (Fig. 24) where there is short col- 
umnar epithelium they occur on both sides of the nucleus and also 
scattered throughout the proximal cytoplasm. Supravital staining with 
neutral red shows strikingly the same sort of structures as in osmicated 
material. They are more numerous, however, and more definitely 
located in the region between the nucleus and distal border. This dis- 
tribution in the fore- and hindgut suggests a different function than in 
the midgut. The hindgut has not been studied previously from a 
cytological aspect but should prove interesting because of the function 
of absorption which may occur in it. 


CONCLUSIONS 

1. In the adult and larva of Passalus cornutus surrounding 
the epithelium, an external longitudinal and an internal circular 
muscle layer are present, and in addition interior to these in 
the foregut of both forms and in the hindgut of the larva, 
another longitudinal layer. A nucleated serous membrane 
surrounds the midgut and hindgut. 

2. The epithelium of all parts is single-layered and rests on 
a nucleated basement membrane. In the foregut it is typically 
cubic and longitudinally folded in the pharynx and oesophagus 
of the adult and in the pharynx and first half of the oesophagus 
of the larva. The chitinous intima of the pharynx is always 
extended into needle-like teeth. A cardiac valve is present. 

3. The epithelium of the midgut is composed of tall columnar 
cells provided with a brush border. The caeca are continuous 
with these cells. 

4. A pyloric valve is present. The epithelium of the 
pyloric region which follows it is cubic. In the adult this 
region is divided into an anterior section where there is no 
folding and the intima is extended into short chitinous teeth, 
and a posterior section where the epithelium is longitudinally 
and laterally folded and the intima at certain points extended 
into long chitinous teeth. In the larva there is no such division; 
the pyloric section is not folded and has the intima in all parts 
extended into short chitinous teeth. 

5. The epithelium of the small intestine is short columnar 
with distinct protoplasmic striations at the distal border. 
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6. The epithelium of the rectum differs in the adult and 
larva. In the adult it is typically cubic and folded longi- 
tudinally. In the larva it is wide columnar and not folded. 
There is no rectal caecum. 

7. The midgut, provided with small diverticula, or gastric 
caeca is divided into three sections, an anterior, a middle, and a 
posteriorone. The anterior and posterior sections have rather long 
thin caeca with necks slightly narrower and distal ends slightly 
wider than the main bodies of the caeca. These do not secrete. 
The middle section has caeca with practically no necks and 
distal ends so swollen that the regenerative cells at their tips 
are in the form of little knobs. These caeca are secreting. 

8. Mitochondria are shown by supravital staining in fresh 
tissue by mitochondrial methods and by osmic acid in fixed 
material. They occur as spheres, short rods, and filaments. 
In the foregut they are usually grouped at the sides of the 
nucleus. In the midgut the longer filaments are in the bases of 
the cells, the short rods in the central parts, and the spheres 
irregularly distributed. There is no particular arrangement 
of these inclusions in the hindgut. 

9. Golgi material shows in osmicated material, and similar 
bodies stain red in fresh tissue treated supravitally with neutral 
red. They are in the form of complete rings, crescents, and 
variations of these. In addition in the midgut there are very 
frequently irregular oval or almost rectangular bodies. In 
the foregut these are usually at the sides of the nucleus. In the 
midgut they are almost always in the central part of the cell 
near the nucleus, but in the hindgut they are irregularly 
distributed. 
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EXPLANATION OF PLATES 


PLaTE I 


1. Digestive tract of the adult beetle. (X5). 2. Digestive tract of the larval 
beetle. (X10). 3. Longitudinal section through oesophagus and midgut 
of adult showing cardiac valve. Material fixed with Gilson’s and stained with 
Ehrlich’s haematoxylin and eosin. (100). 


Priate II 


Material fixed with Gilson’s and stained with Ehrlich’s haematoxylin and 
eosin. 


4. Longitudinal section through junction of anterior and posterior pyloric regions 
of adult. (100). 5. Longitudinal section through a pouch in — 
pyloric section of adult showing heavy chitinous teeth. (100). Cross 
section through a pouch in posterior pyloric section of adult. Syct00) 
7. Longitudinal section through valve in posterior pyloric section of adult. 


(100) 

f PuiaTeE III 

Figures 8-12 fixed with Gilson’s and stained with Ehrlich’s haematoxylin 
and eosin. 


8. Cross section through pharynx of larva showing muscle attachment. (440). 
9. Longitudinal section through caeca in the anterior section of the larval 
midgut. (X100). 10. Cross section through pylorus, small intestine, and 
rectum of larva. (X100). 11. Longitudinal section through caeca in the 
middle section of larval midgut. (100). 12. Cross section of caecum in 
middle of adult midgut. (100). 


my 


PLaTe IV 


Figures 13-15 and 17 fixed with Gilson’s and stained with Ehrlich’s haema- 
toxylin and eosin. Figure 16 a Mann-Kopsch preparation. Figure 18 fixed 
with Regaud’s and stained with Heidenhain’s iron haematoxylin. 


13. Longitudinal section through caecum in anterior section of adult midgut. 
None of the cells in the body of the caecum is secreting. (100). 
14, 15. Longitudinal section through caeca in middle of adult midgut. In 
Figure 14 just a few cells are secreting. In Figure 15 many cells are secreting. 
(X100). 16. Foregut of larva; mitochondria grouped at the sides of the 
nucleus. (2640). 17. Midgut of larva showing protoplasmic striations in 
the proximal part of the cells. (100). 18. Midgut of larva; longer fila- 
mentous mitochondria in basal region of cell; shorter filaments distal to 
nucleus. (1320). 


PLATE V 


Figures 19-21, and 23-25, Mann-Kopsch preparations. Figure 22 fixed with 
Regaud’s and stained with Heidenhain’s iron haematoxylin. 


19. Foregut of larva; Golgi bodies irregularly distributed in cell. (2640). 
20. Midgut of larva; filamentous mitochondria in upper one-third of cell; 
shorter filaments, rods, and spheres in the central region and toward the 
distal end. (X1320). 21. Midgut of adult; Golgi bodies distal to nucleus in 
central part of cell; only two Golgi bodies on opposite side of nucleus. (1320). 
22, 23. Small intestine of adult; filamentous and rod-like mitochondria dis- 
tributed throughout cell, particularly in distal regions. (1320). 24. Small 
intestine of adult; Golgi bodies irregularly distributed. (1320). 25. Pos- 
terior pyloric section of adult; Golgi bodies irregularly distributed. (2640). 
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BOOK NOTICES 


GENETICS AND THE ORIGIN OF SPECIES, by THeEopostus DoszHAnsky, 
pp. i-xvi and 1-364, 22 tables, 22 text figs. 1937. Published by the 
CoLuMBIA UNIVERSITY PREss, 2960 Broadway, New York City. Price, $3.60. 

This is a master-book in that it ties together the several disciplines essential 
to an understanding of the origin and definition of species. Professor Dobzhansky 
is Russian by birth, was educated at the University of Kiev, later became Lecturer 
on Genetics at the University of Leningrad, and is now Professor of Genetics at the 
California Institute of Technology. He started scientific work in entomology 
but was soon so immersed in the basic problems of species formation and the 
genetics of populations that he is known scientifically as a biologist and more 
specifically as a geneticist. Professor Dobzhansky is one of those rare geneticists 
who is as much interested in the applications of the study of genetics to problems 
in the field as he is in the refined and elegant techniques of the laboratory. 

The chapter headings are: I, Organic Diversity; II, Gene Mutation; III, Muta- 
tion as a Basis for Racial and Specific Differences; IV, Chromosomal Changes; 
V, Variation in Natural Populations; VI, Selection; VII, Polyploidy; VIII, Iso- 
lating Mechanisms; IX, Hybrid Sterility; X, Species as Natural Units. 

In chapters I to III is built up the basis of general facts on which the argument 
rests. Beginning with chapter IV, Chromosomal Changes, the problem of the 
origin of species is dealt with in more detail. On the assumption that the organism 
is a reflection or product of the genic structure of its chromosomes the eight or 
more types of recognized changes in the distribution of genes in the chromosomes 
are discussed, both from the standpoint of the geneticist and cytologist in the 
laboratory and from that of the student of distribution of related species and 
sub-specific forms in nature. This leads directly into chapter V, Variation in 
Natural Populations, where the gene structure of natural populations and the 
changes undergone by such populations through changes in gene structure are 
discussed. The element of size of the interbreeding population comes up for 
discussion, a factor in population change which comes up repeatedly in subsequent 
chapters. Chapter VI, on selection, runs at once into the mathematical concepts 
of a population and the speed with which a change can take place, particularly 
with the slower changes from the piling up of minor changes in the chromosomes. 
Chapter VII covers polyploidy, where more sudden or greater changes are intro- 
duced by the duplication or even reduplication of chromatic material, a type of 
change found in many of the flowering plants and which the author introduces as 
the ‘‘cataclysmic origin of species.’’ In various of these discussions the author 
has shown how the usual small hereditary change is swamped in the average 
interbreeding population, if either too large or too small a population. This leads 
to the climax, chapter VIII, Isolating Mechanisms, where the heroine of change is 
rescued by the hero of isolation. Here are discussed-ecological, seasonal, psycho- 
logical, mechanical and other types of isolation. This leads to a general 
discussion, IX, of hybrid sterility. In chapter X, species as Natural Units, the 
heroine of change lives happily (?) as a natural species as long as she has the help 
of her hero, isolation. The author defines that stage in the following, (p. 312): 
‘The present writer has therefore proposed (1935) to define species as that stage of 
evolutionary process, at which the once actually or potentially interbreeding array 
of forms becomes segregated in two or more separate arrays which are physio- 
logically incapable of interbreeding.’’ The final pages are devoted to dismissing 
the poor sister of sexual species, comprising those forms which reproduce wholly 
by asexual processes and are merely clones but which for catalogues of natural 
forms have to carry the name ‘‘species.”’ 

Perhaps we are biased because of our own entomological environment, but we 
feel that Professor Dobzhansky’s introduction to the field of general biology by 
way of his early experiences in entomology has given him his interest in genetics 
in the field, which has put the higher values in this work. It has given him an 
interest in species as they actually exist in nature rather than an interest in theories 
of speciation as based on laboratory techniques. The laboratory in his hands 
plays its proper part in checking natural events. The volume reflects the remark- 
able ability of the Russian mind in the use of language. The exposition is vivid 
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and almost dramatic without in the least deviating from a proper scientific 
method. It is one of the very few books we have read from cover to cover, first 
because it is so well written, secondly, because it brings together such an array 
of facts from such diverse sources. It is particularly strong in the numerous 
citations of work in the slavic languages, a field too often overlooked by the 
western biologist. 

We recommend ‘‘Genetics and the Origin of Species’’ to all entomologists 
interested in populations of insects and to all who put species labels on pinned 
insects. It covers subjects vital to both groups.—C. H 


METHODS IN BIOLOGY, by A. C. Kinsey, pp. i-x; 1-279. Published by 
J. B. Lippincott Company, New York. Price, $2.50. 


With the increasing emphasis upon student-centered teaching has come a 
re-evaluation of the contents of the curriculum. The process of analysis usually 
begins within rather general areas, gradually working down to a particular subject. 
Science teaching has been the subject of such a study for the past two decades 
but biology has come under serious consideration only within the last ten years. 
Professor Kinsey should be well qualified to produce a book on methods in biology, 
for he has been interested in the development of biological curricula and teaching 
methods for a number of years. He has published a Laboratory Manual for 
Biology (1927) and a Textbook of Biology for High Schools (1933). The present 
book embodies a summary of his thought and experience in this field. 

The volume is divided into two parts: I, Viewpoint and Content (of Biology 
Teaching), II, Special Teaching Problems. Much that Part I contains is stimu- 
lating but the whole leaves the reviewer with an impression of sketchiness. 
Objectives are too generalized to be of real use. The discussion of Devices for 
Interesting Students and Teaching the Scientific Method leaves one dangling 
in space with an unsolved problem. The Art and Science of Teaching raises some 
excellent points for thought but the brevity of discussion fairly takes the breath 
away. Arguments concerning a Unified as against a Divided course; the Type, 
Systematic and Principles courses; the Restricted as against the Survey course, 
are presented ‘‘pro”’ 1, 2, 3, and ‘‘con’’ 1, 2, 3, in a pleasing manner, but the argu- 
ments are not too convincing. 

Many usable suggestions for handling specific problems in the classroom are 
contained in Part II. In particular the author uses this section for a polemic 
upon the failure of so many biology teachers to use the immense amount of material 
available in Nature’s laboratory. In this section also is included a discussion of 
Measurements and Evaluations in Teaching which leaves a musty ‘‘tang’’ in the 
reviewer’s mind, for while the thesis for ‘‘new type’’ tests is being presented a 
definite feeling in favor of the more subjective essay examination can be sensed. 
In criticizing objective type tests ‘‘horrible examples’’ are cited without a fair 
presentation of better types of multiple choice, completion and other objective 
type questions being given. 

Excellent bibliographies are included at the end of each chapter, and the 
mechanics of the book are very satisfactory. The general impression in the mind 
of the reviewer is, here is another ‘‘methods book’’ containing much valuable 
material for the teacher who is willing to think.—P. E. S. 


A GLOSSARY OF ENTOMOLOGY (Smith’s ‘‘An Explanation of Terms Used in 
Entomology,’’ Completely Revised and Rewritten), by J. R. DE LA TorRRE- 
BUENO, pp: i-ix and 1-336, pls. I-IX, 1937. Published by the BRooKLYN 
ENTOMOLOGICAL SociETY, Brooklyn, New York. Price, $5.00. 


In the September issue of the ANNALS we noted the publication of this long 
awaited volume which appeared just as the ANNALS went to press. Since then we 
have seen the volume in use and find it much more complete than the earlier 
‘‘Smith’s Glossary”’ and so far it has given at least a brief answer to each question 
asked. We have heard it mentioned from time to time and thus far with no 
criticisms by that type of person who feels that he can improve on an author’s 
work but for some reason or other never gets around to make such an improve- 
ment. Such lack of comment indicates that it is built on a sound plan and has 
been thoroughly worked out. It is the type of volume that takes years for the 

















———— 


1937] Book Notices 643 


assembling of data, further years for the recasting and boiling down of definitions 
and finally an interminable number of proof readings. In a recent letter to the 
writer, the author states that he has been through two-thirds of the volume with a 
magnifying glass and has found four typographical errors. None affect the mean- 
ing. If this near-perfection averages out, a total of six such errors will be almost 
a record for any kind of printed matter. The author, publications committee and 
the printers are to be congratulated on such perfection of product. 

The present editions contains nearly 12,000 definitions as compared with the 
4,300 of ‘‘Smith’s Glossary.’’ There has been included a selection of terms from 
biological chemistry, ecology and medical entomology. An appendix gives 
abbreviations commonly used in entomology while a second appendix gives arbi- 
trary signs. 

A perusal of a few pages suggests that entomology is in sore need of totalitarian 
reorganization with a hard-boiled dictator who can throw out at least half the 
terms in use, grind them under his heel and prevent their resurrection. (Such 
would have to be carried in glossaries to make previously published literature 
understandable.) However, we have come to recognize the problem in a social 
organization, whether of men or ants, of controlling or even getting rid of the 
excess energies of the male, as societies gre built and solidified around the mother 
behavior of the female. Superfluous words function as such a safety valve for the 
excess energies of the male, and so may have a place even in entomology. Perhaps 
we might well ignore the situation. 

This is one of those books where we will have to hide our copy to save it and 
refer all students to the library copies. Entomologists in general are glad to have 
this glossary up to date and available for heavy usage. We predict a wide sale of 
‘‘A Glossary of Entomology.’’—C. H. K. 


STRANGE INSECTS AND THEIR STORIES, by A. Hyatr VERRILL, pp. i-vii 
and 1-205, with 2 colored plates and 100 text figs. by the author. 1937. 
Published by L. C. Pace & Company, 53 Beacon St., Boston, Mass. 
Price, $2.50. 

This is a volume in which insect life is popularized by use of a terminology 
taken from the Arabian Nights and other imaginative tales. Its purpose and 
vocabulary remove it from the field of even popular science. The titles of chapters 
are mild compared with the climactic statements that cap the various descriptions 
and narratives. Some of the seventeen chapter headings are: I, Man’s Greatest 
Foes and Firmest Friends; III, Insect Ogres; V, Boatmen, Fishermen and Pirates; 
VI, Insect Gems; VIII, Insect Bugaboos; IX, Giants; X, Brownies; XI, How 
Insects Play Hide and Seek; XII, Insects’ Undertakers; XIII, Insects that Carry 
Lanterns; XIV, Some Incredible Ants; XV, Insects Used as Food; XVII, How to 
Study and Find Insects. 

Mr. Verrill obviously knows insects in the field and from the literature 
although he rates as an archaeologist. He is making a consistent attempt to 
popularize phases of biological science as is indicated by his writings in this field. 
Two of these titles are ‘. The Incas’ Treasure House,’’ and ‘‘Strange Sea Shells 
and Their Stories,’’ while in preparation are companion volumes of the present one 
on strange’ birds, strange fish, strange reptiles and strange fossils. The author 
has the true writer’s ability to hold the reader’s attention. His information 
always has a basis of published fact but the embellishment of anthropomorphic 
terminology makes a teacher of entomology gasp. We can point out that the 
author does give us a vivid picture of the immenent dangers that surround all 
insects. He honestly points out that the insect is probably not conscious of his 
dangers. To quote (p. 40): ‘‘All this may seem very cold blooded and needlessly 
cruel to us, but the insect world is a cruel and cold blooded world. Always, from 
the egg to the adult stage insects’ lives are constantly in danger. It is ever a 
case of eat before you are eaten,’’ and to cap the chapter on ‘‘Insect Ogres:’’ 
‘‘What a terrible thing if dragonflies were as large as eagles; if creatures as big as 
bears and with the strength and ferocity of aphis lions existed; or if ichneumon 
flies spreading six feet across their wings hovered in the air ready to swoop down 
and deposit their eggs within our bodies!”’ 

At times errors are introduced by over-emphasis, as for example, concerning 
“Brood X’’ of the seventeen-year cicada. To quote: “It is the largest of the 
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many broods and covers . . . nearly one-half of the entire country east of the 
Mississippi River, and everywhere throughout this immense area the members of 
Brood X appear at the same moment on the same day of the same month of the 
same year.’’ And what the incredible ants can do! Well, we have not ventured 
to read that chapter yet. We feel assured that it will hold our attention even 
with the children arguing over who gets the radio next and the wife honking for 
us to open the garage door. 

We know so little about how to approach and interest types of mind other 
than our own that we hesitate to comment on this particular approach. We 
wonder if it might be merely an approach to a larger personal income. However, 
it is interesting in being so different from that used by Comstock, Imms, Uvarov 
and others whom we read seriously. We shall be interested in years to come to 
check on the survival value of this type of approach to a popularization of science. 
The author has a remarkable ability to interest the reader but we feel that he has 
allowed his enthusiasm to warp his good judgment.—C. H. K. 


MOSAICS AND OTHER ANOMALIES AMONG ANTS, by WiLLt1aAm Morton 
WHEELER, pp. 1-95, 18 text figs. 1937. Published by Harvarp UNI- 
VERSITY PrEss, Cambridge, Mass. , Price, $2.00. 

This volume was written just before the author's death. As it is based largely 
on observations made on ants in the tropics by one of Professor Wheeler’s students, 
Dr. Neal Weber, it was planned as a co-operative effort by Wheeler and Weber. 
Absence from Cambridge prevented Weber from playing much part in the actual 
preparation of the manuscript. As a tribute to his beloved teacher he preferred 
that it appear under Wheeler’s name alone. 

The thesis is a review of the evidence for the view that soldiers, workers, 
(minors, media and majors) and other forms of the female sex in an ant colony 
are genetic products and are not produced by special nurture as in the bees where 
social life has developed independently from that in ants. The study of these 
forms was precipitated through the discovery by Weber of a nest of the fungus- 
growing ant, Acromyrmex octospinosus Reich, in which were found foxty-six mosaics 
which were gynandromorph-like mixtures of queen and worker characters, and one 
which appeared to be a mosaic of characters of major and minor workers. 

A gynandromorph or mosaic of the two sexes is not uncommon among insects 
in general and logical explanations of it are to be found in any text on genetics 
but a mosaic of two kinds of forms within one sex, such as between queen (female) 
and worker as in this nest, is a phenomenon that makes a myrmecologist or a 
geneticist take notice. It suggests at once that the mechanism which makes a 
queen out of one fertilized egg while it makes a worker out of another fertilized 
egg is a genetic mechanism. Supposedly a mechanism of special feeding would 
affect all parts of a developing ant similarly and could not produce the patchwork 
of a mosaic. These queen-worker mosaics (gynergates) suggest that a genetic 
mechanism normally producing queens and one normally producing workers have 
become mixed, the mixed mechanism producing the queen-worker mosaic. 

Whether ant castes are produced by special food and care or by heredity is 
an old argument among myrmecologists but in previous literature it has been 
based on scanty evidence. Wheeler reviews the earlier writings and discusses 
the problem in the light of the present evidence especially in its various bearings 
on the peculiar castes found in many of the ants. Mosaics occur more often in 
primitive types of ants than in modern which suggests that in later forms the 
genetic caste mechanism has become more stabilized. 

The volume is a little difficult in vocabulary as it deals freely with gynes 
(females), ergates (workers) and twenty-eight recognized and named varieties of 
these, all of which have been defined in ‘‘Appendix B.’’ Some of the terms are 
Diacammatogyne, Protodichthadiigyne, Mermithodinergate and Dinophthiser- 
gate. Ants are such a difficult subject of study that less than a half dozen masters 
of the field have appeared, men with ability and stamina to devote a life time to 
their study. These leaders have been broadly trained scholars. This scholarship 
is reflected in myrmecological terminology in which every effort has been made to 
erect precise terms. 

“‘Mosiacs and Other Anomalies Among Ants’’ will probably stand as one of 
Wheeler's most valued contributions to the science of myrmecology. It appears 
to throw much light on an argument of long standing.—C. H. K. 
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ASCARIS, Tue BroLocists Story or Lire, by RICHARD GOLDSCHMIDT, pp. i-ix 
and 1-390, 160 text figs. Published by PRENTICE-HALL, INc., 70 Fifth Ave., 
New York. Price, $3.25. 

The author, Professor Richard Goldschmidt, who has found life at the Uni- 
versity of California less trying than life in the University of Berlin, rates as one 
of the great zoologists of the present time. He is claimed also by geneticists 
because of his extensive work in that more limited field. In this volume he has 
given the lay reader a simply stated description of living forms and living processes. 
As a thread to tie all the varied matters of life into a whole he uses the horse 
parasite, Ascaris. The various problems of adaptation are set up in each case 
first for Ascaris then illustrative matter, for comparison or further emphasis, is 
drawn from the four corners of the animal world. It is a method of procedure 
different from that in any exposition of general biology of which we know. It 
goes without saying that it is sound biology throughout. The value lies in its 
simplicity, a simplicity that makes each fact vivid. 

The twelve chapters cover all the anatomical systems, the special physiology 
of each, and the genetics and ontogeny of the individual. The only general subjects 
omitted are the origin of species, distribution, and the social organization. 

It is a sound intellectual approach made vivid by.simple diagrammatic 
illustrations and examples drawn from very diverse sources. There is no buildup 
through the use of an emotional, anthropocentric vocabulary. The interest is 
sufficient in the facts themselves. 

We hope this popularization of biology will prove a success. Ideally it is a 
correct method of presentation, but we fear that the lay reader, narcotized by 
newspaper writeups, office gossip and the emotional points of view of his everyday 
environment may pass it by as something strange and not quite understandable 
because it lacks such emotional trimmings. Scientific writing for the lay reader 
is a sociological problem. Present day sociology is side-stepping ideological 
theory, where the sociologist fits his Utopia to his own method of thinking, to his 
own success and comfort. Problems are more and more being dealt with 
statistically, accepting the composition of society as it actually is at the present 
time. With the eighty or ninety per cent of society steeped in emotional liter- 
ature, movies, radio, politics and religion, all with large elements of personal 
prejudice, we wonder if an emotional approach may not get certain desired informa- 
tion across to this, the main and real body of society, more effectively than the 
unemotional approach so much desired by all scientists. For easy understanding, 
people usually have to be addressed in their own language. The language of the 
lay-reader whom the scientist wishes to reach and inform is an emotional, a 
teleological language. 

At the University we feel that we can improve the thinking of students, but we 
are dealing with the top ten or twenty per cent of society.—C. H. K. 


AQUATIC DIPTERA. Part III. CHrRONOMIDAE: SUBFAMILIES TANYPODINAE, 
DIAMESINAE, AND ORTHOCLADIINAE, by O. A. JOHANNSEN, Cornell Agri- 
cultural Experiment Station Memoir No. 205, pp. 1-84, plates I-XVIII 
(274 figs.). June, 1937. Published by CorNELL University, Ithaca, 
New York. 

Part I of this series appeared in 1934 and Part II in 1935. Parts IV and V 

ee appear as have the others as Memoirs of the Cornell Agricultural Experiment 

tation. 

Doctor Johannsen is a recognized authority on aquatic Diptera and has been 
articularly interested in life histories and the broader problems of classification. 
he present series of Memoirs is based largely on his own studies of immature 

forms but it reviews and includes European work of recent years. The location 
at Ithaca in the foothills of the Appalachian Mountains has been especially favor- 
able to such study because of the great diversity of aquatic situations within 
easy reach from the campus. Johannsen early recognized these opportunities 
and has continually availed himself of them. 

The recent interest developed in the field of conservation of aquatic resources 

has showed how little was known of native aquatic Diptera which form one of the 

basic elements of fish food. Professor Johannsen more than any other American 
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worker has helped explore this field and particularly has organized the material 
and has published this in such form that it is of real use to the coming generation 
of students of aquatic ecology. 

The present memoir describes and illustrates the immature stages of species 
in twenty-six genera in three subfamilies of the Chironomidae. It gives keys to 
larvae and pupae. It concludes with a bibliography of literature, in which are 
described immature forms.—C. H. K. 


RECENT ADVANCES IN ENTOMOLOGY, by A. D. IMs. Second Edition, 
pp. i-x and 1-431, 94 text figs. 1937. Published by P. BLAKIstTon’s Son & 
Co., Inc., 1012 Walnut St., Philadelphia, Pa. Price, $5.00. 

This is a review book for teachers and students. It summarizes the latest 
discoveries and theory. The first edition appeared in 1930 and has been so widely 
used for the purpose intended, a quick survey of recent advances in the subject, 
that the present revision became necessary. The second edition has been enlarged 
to the extent of 56 pages. Eighteen illustrations have been dropped and twenty- 
seven added. Some sections, those covering subjects in which little change has 
occurred, have been reprinted in toto. ‘‘Certain aspects have required more 
revision than others. Head segmentation and the Genitalia have needed con- 
siderable revision. Also, recent studies of the musculature have led to revision 
of views respecting the homologies of certain of the appendages and their parts. 
As regards Metamorphosis, discoveries in regard to the presence of hormones 
are discussed. Palaeontology has developed so rapidly as to require very full 
revision of the original chapter: . . . In dealing with the Sense Organs the subject 
of response to visual stimuli has been extended.’’ Biological Races and Bio- 
logical Control are subjects thoroughly revised. 

The subject matter is treated in fifteen chapters as follows: I and II, 
Morphology; III, Metamorphosis; IV, Palaeontology; V and VI, Sense Organs 
and Reflex Behavior; VII, Coloration; VIII to XI, Ecology; XII and XIII, 
Parasitism; XIV and XV, Biological Control. 

“Recent Advances in Entomology”’ is the most interesting of the recent 
entomological works with which we are acquainted. Perhaps it is unusually 
readable in those evening hours when the reader is low in energy because no single 
subject is treated at tiresome length. The mind is continually refreshed with the 
continually changing sequence of subject matter. It is astimulating book. After 
having been twitted by our relatives and business acquaintances as a ‘‘bugcatcher’’ 
with income barely above W. P. A., we can read this volume and gather courage 
again as through the eyes of the author a great science is viewed and what is even 
more stimulating, one that is making ever more rapid strides into a well organized 
knowledge of living forms, their origins and their extraordinarily complex inter- 
relationships. Entomology is no longer an orphan child of zoology. It is con- 
tributing its full share of answers to major biological problems. 

This is one general text that every antomologist can read not only with profit 
but with much pleasure. It will not satisfy the specialist in his own narrow field, 
but it will outline for him recent work in many other lines and suggest lines of 
thought profitable in his own field.—C. H. K. 


INTRODUCTION TO ECONOMIC ENTOMOLOGY, by W. J. BAERG, pp. 1-72. 
1937. Published by RUSSELLVILLE PRINTING CoMPANY, Russellville, Ark. 
Price, $1.25. 

Two methods are generally employed in the presentation of subject matter in 
the teaching of economic entomology. One method is to study all the insects 
attacking a certain group of plants, animals, manufactured products, etc., and the 
other to study all the important pests in each family of each order. Each method 
has its advantages and disadvantages. The author of this booklet presents a 
very brief resume of southern economic entomology from the latter viewpoint. 
Only the most important pests are considered and special emphasis is given to 
the insects of southern United States. Because of the lack of detailed information 
on specific insect problems the booklet would serve more as a syllabus or work- 
book than as a text. Some of the control methods given are not in accordance 
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with the latest recommendations and some are so meagre that in order to obtain 
more information the student must supplement the text with reference readings 
listed at the end of the discussion of each pest. 

The unillustrated booklet is bound in loose-leaf form with the patented Wire-O 
binding and a heavy paper cover. 

This publication may fill the needs as a text for certain introductory courses in 
economic entomology, particularly in the borderline between south and north, but 
its acceptance for other areas is somewhat doubted.—R. H. D. 


A GENERIC CLASSIFICATION OF THE NEARCTIC SAWFLIES (Hymen- 
OPTERA, SYMPHYTA), by HERBERT H. Ross. Pp. 1-173, pls. I-X VII (carrying 
424 figs.), 1937, paper bound. Published as University of Illinois Bulletin, 
vol. xxxiv, No. 94 and as Illinois Biological Monographs, vol. XV, No. 2. 
Price (Univ. of Ill. Press, Urbana, IIl.), $2.00. 


This is a volume on phylogeny and taxonomy after our own heart. All 
phylogenetic and key characters are illustrated. The figures of the same char- 
acter in the series of forms discussed are usually arranged on the same plate for 
easy comparison. 

The work is what will probably prove to be a very correct analysis of the 
relationships inter se of Nearctic sawflies. The fossil record is poor. Host plant 
relationships cross bewilderingly so the student of sawflies is reduced to the data 
of comparative anatomy for evidence of relationships. Because of the extensive 
and thorough work done by Ross on the anatomy of the genera discussed the 
conclusions are probably as sound as can be made on the evidence available. 

We wish to point out as a by-product of this study Ross has given us a sound 
starting point for comparative anatomy of the higher Hymenoptera. As far as 
we know this is a field covered by no general treatise which gives us an adequately 
illustrated comparison of the anatomical characters of even the families. Because 
of this situation a novice can only enter the study of Hymenoptera by limiting 
himself to narrow groups or, where a broader view is desired, by study of material 
previously identified by experts (usually his teacher). This is the medieval 
system of apprenticeship, of knowledge by word of mouth, from teacher to student, 
which bars the great amount of knowledge that can be added to science by men 
studying as a hobby. Ross has made a major frontal attack on this system. 
These remarks, of course, apply more to the situation in America than that in 
Europe where the fauna is scanty and fairly well worked out in illustrated manuals. 
As regards expert comparative anatomy we have a feeling that Ross has done 
about as much towards the comparative anatomy of the Hymenoptera as he has 
done in unravelling sawfly relationships. He, at least, has given us a fine example 
of method. 

Some credit should pass to the present policies in the Illinois State Biological 
Survey where men are given funds, artist help and time to do work on this level. 

A word concerning sawflies in general. The writer of this notice devoted his 
field trips for three springs and one summer to the collection of sawflies to build 
a teaching collection. In the latitude of Ohio they are on the wing from the 
opening of leaf buds on the buckeyes to the first series of hot days in June after 
which only a few hardy species can be found. In the latitude of northern Michigan 
they fly allsummer. In early spring they are on the wing during the warm hours 
of the day but in late May and June are inactive during the hot middle of the day. 
From ten to forty species can be taken in a day’s collecting. Series can frequently 
be taken by the old squirrel hunter’s method of sitting down and waiting for the 
next one to appear as they usually stay in the neighborhood of the host plant. 
The borders of swamps and muggy, warm ravines with open sunshiny glades full 
of a great variety of vegetation are most productive of numbers of species. Each 
week during the spring sees a new series of species on the wing. They have to be 
pinned in the field or carried in bottles full of tissue as many species are as delicate 
as the softer Diptera. 

We hope that Ross’ work will give new impetus to the collection and study of 
this much neglected group, rich in species and interesting ecologically. It is a 
group now open to young entomologists who wish a hobby or side line of study, as 
with Ross’ book sawflies can now be keyed out to genera with some degree of 
certainty. Species determination will still rest on a scattered literature.—C. H. K. 
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THE PRINCIPLES OF BACTERIOLOGY AND IMMUNITY, by W. W. C. 
TorpLEY AND G. S. WiLson. Second Edition, pp. i-xv and 1-1645, 276 text 
figs., 192 tables, 1936. Published by WILLIAM Woop & Company, Mount 
Royal and Guilford Aves., Baltimore, Maryland. Price, $12.00. 

Dr. W. W. C. Topley, F. R. S., is Professor of Bacteriology, University of 
London, and Director of the Division of Bacteriology and Immunology, London 
School of Hygiene and Tropical Medicine. Dr. G. S. Wilson, F. R. C. P., is 
Professor of Bacteriology as Applied to Hygiene, University of London, London 
School of Hygiene and Tropical Medicine. The First Edition in 1929 appeared in 
two volumes. The present edition has been bound as one volume which makes it 
handier for reference. The work comprises eighty-nine extensive chapters which 
are grouped in four Parts: I, General Bacteriology, 10 chapters; II, Systematic 
Bacteriology, 28 chapters; III, Infection and Resistance, 15 chapters; and IV, The 
Application of Bacteriology to Medicine and Hygiene, 36 chapters. While the 
work would rate in the book trade as a final or super text book it is actually an 
up-to-date review of the great field of bacteriology as it concerns the health of 
man and his domestic animals. To quote the authors: ‘‘We have attempted, on 
the basis of our personal experience in post-graduate and under-graduate teaching 
to provide a textbook which will be of service to those students of medicine and 
biology who wish to make a serious study of bacteriology and its application to the 
problems of infection and resistance. . . . We have tried to present these prob- 
lems in their general biological aspect, as instances of variations in the relations 
of living things to each other, and to their environment, rather than as isolated 
problems of diagnosis, treatment or prevention centering around a sick man or 
animal. . . . The liaison between research workers in human and veterinary 
medicine is making rapid headway; and in no branch of medical science is the 
sterilizing effect of the anthropocentric attitude more obvious than in the study 
of bacterial infection.’”’” The volume is thus a review of the biology of 
bacteria in general and in particular of those forms affecting man and his domestic 
animals. It is microphysiology and microecology. 

Each chapter is followed by a bibliography of very carefully selected refer- 
ences keyed to the running references freely used in the text. Unfortunately, 
space does not permit the use of titles in the bibliographies so that the references 
are more or less blind. The book abounds with definitions and glossaries, whole 
chapters devoted to such. Thus nothing is taken for granted. Forty pages of 
index and the full table of contents are the keys to the use of the volume. 

We have placed this notice in the ANNALS as it is one of the two or three 
comprehensive reviews of the field of bacteriology. Such a review could not come 
from a more authoritative source. The theoretical parts of the work, particularly 
those on infection and resistance (the theories of immunity) are of intense interest 
to all biologists especially those interested in ecology or the interactions of the 
elements of the organic world. Probably bacteriologists have gone farther into 
the micro-world of basic relationships than have any other group of biologists. 
The micro-nature of the field leads them directly into such basic problems. 

It need not be pointed out that the style is easy and fluent, one which reflects 
the thorough training in composition insisted upon at all English universities. 
The work is an excellent example of what can be done to make a highly technical 
subject easy and interesting reading to the student not wholly familiar with the 
particular field. We recommend it to entomologists who are interested in the 
broader problems of biology.—C. H. K. 


KRITISCH HISTORISCH OVERZICHT DER ACAROLOGIE, by A. C. 
OupEMANS. Third section, vol. D. Parasitengona Oudms. V. 1909. 
332 text figs., pp. I-XIV and 1349-1998, paper bound, 1937. Published by 
E. J. Brit, Leiden, Holland. Price, paper bound, 15 guilders ($8.40). 


In the March issue of the ANNALS, 1937, we gave an extended notice of this 
work, covering the first two sections and vol. A of section three. This volume 
continues the resume of the literature concerning the group indicated in its title. 
As with the preceding volumes it reproduces the numerous illustrations in the 
literature reviewed.—C. H. K 
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THE BIRDS OF AMERICA, by JoHn JAMEs AupDUBON. Large quarto. Pages 
I-XXV, portrait frontispiece, 500 colored plates, 1937. Published by 
THe MACMILLAN Company, 60 Fifth Ave., New York. Price, $12.50. 


By the republication of Audubon’s famous bird portraits in an edition which 
does not unbalance the modest family budget, The Macmillan Company has done 
bird conservation a great service. Audubon’s work is a national possession. 
It will appeal to a group of the thoughtful who normally pass by state bird books 
and the very carefully arranged technical volumes no matter how well illustrated. 
Every possible type of appeal is needed at present to slow down the reduction of 
our once remarkable bird fauna to a state of impoverishment unforseen by any 
lover of birds in Audubon’s time. 

The very size of the volume is impressive because few volumes for popular 

consumption can be afforded in large quarto. Mediocrity in both size and content 
is so rampant in the popular book trade that the occasional volume of this giant 
type is impressive by its mere size. Audubon’s idea was to paint birds in natural 
size from living material. The large plates hold very well this concept of the 
artist. The binding is a very sturdy one in linen. The plate stock is so heavy 
that the color printing on both faces of the sheet is without a trace of shadow or 
color carried through the paper. It is thus first of all a triumph of the book plant 
in modern quantity production. When any scientific journal pays $125.00 for 
the four cuts of a three color process plate one-fourth the size of any of these bird 
plates, we get a ‘‘yardstick’’ on one of the problems of the publisher. It is thus 
a half-million dollar project figured down and down, until it is possible to place 
an excellent copy in the customer’s hands at twelve and a half dollars. It is a 
reflection of the great advances made in almost the past five years in hard surfaced 
plates, perfected inks, cheap, very high grade paper and very accurate high-speed 
yresses. 
As an editor wrestling with costs of production we have been so impressed 
with the accomplishments of the publisher that we have almost overlooked 
Audubon. Fortunately, Audubon rates scientifically and popularly in America 
as does Linneus in Sweden or Fabre in France. We are all interested in birds to 
even the simple-minded sportsman (?) who butchers them. Audubon was the 
classical example of the man whose sole interest lay in the beauties of bird life. 
He sacrificed home, family and the comforts of civilized life to further his work 
on living birds. Man has always had a very high esteem for such single-purposed, 
intense minds, providing they succeed, which Audubon did, and in his own life 
time. We need not advertise Audubon. 

Naturally a sacrifice of the brilliancy of the originals in order to get the bird 
portraits down to the public had to be made somewhere. The inexperienced 
reader will not detect the change where soft browns tend to creep in and prismatic 
colors characteristic of warbler and other bird plumage do not come scientifically 
true. However, colors are so close that even the critical bird lovers will rejoice 
in this volume.—C. H. K. 





OMISSIONS AND ERRORS 


Notice to Authors.—Beginning with Volume XXVIII (1935), the Annals of the 
Entomological Society of America will accept Corrections (Omissions and Errors) 
of articles which have appeared in its pages. These will be collected and printed 
at the end of the annual volume (December issue). They will be indicated in the 
annual table of contents and in the index. 

Corrections will be limited to critical omissions and serious errors. Manuscript 
for such should be in the hands of the Editors by the twentieth of November to be 
included in that year’s volume. 

The Editors. 


IN VOLUME XXIX 


Page 772, Text Fig. 1, is head down and should have the 
legend; ‘‘Tetranychus libocedri,n. sp. Outline drawing of body 
of female, showing dorsal cuticular appendages, mandibular 
plate, and sutures.”’ 

E. A. McGREGoR. 


IN VOLUME XXX 
Pages 171-172. Since this paper went to press, we have 
discovered the following host records in ‘‘La familia ‘Eucharidae’ 
(Hymenoptera: Chalcidoidea) en la Republica Argentina,’’ by 
Emilio V. Gemignani (Ann. Mus. Argentino Cienc. Nat. 
‘‘Bernardino Rivadavia”’ (Buenos Aires) 37: 477-493, 16 fig., 
1933) : 
(1) Thoracantha bruchi Gemignani. Host: Pogonomyrmex car- 
nivora Santschi, p. 482. Argentina. 
(2) Orasema argentina Gemignani. Host: Pheidole strobeli 
misera Santschi, p. 489. Argentina. 
(3) Orasema doello-juradoi Gemignani. Host: Pheidole nitidula 
Emery, p. 491. Argentina. : 
GEORGE C. WHEELER, 
ESTHER W. WHEELER. 


Page 330. Line 24, ‘‘or glencoe’”’ should read ‘‘at Glencoe.”’ 
PHIL RAU. 


Page 533. Last line, ‘‘113”’ should read ‘‘\%.”’ Page 542 
(Vol. XXX). ° Fourth line from bottom should read, ‘‘Erect 
hairs on head confined to mandibles, clypeus and ocellar area.” 

C. H. KENNEDY. 
650 


ve 


Se 
a eR 


INDEX TO VOLUME XXX 


Abroteles bisetosus, 5. 

Agelenidae from Western North America, 
New Spiders of the Family, 211. 

Alexander, Charles P., Article by, 598. 

Allen, M. W., (with Knowlton), Article 
by, 309. 

Amphorophora arnicae thatcheri, 309. 
bonnevilla, 309. 
rubi, 310. 
rubicola, 310. 
rubicumberlandi, 310. 

Anopheles Acanthotorynus, A New 
Species of the Subgenus Stethomyia 
from Peru, 358. 

Anopheles bolivensis, 503. 
cruzii, 504. 
bellator, 506. 
neivai, 509. 
homunculus, 509. 
anoplus, 514. 
bambusicolus, 515. 

Ants from Ohio and Indiana, Formica 
Prociliata, F. Querquetulana, F. 
Postoculata and F. Lecontei, New, 
531. 

Aphalara Calthae Linnaeus, Some North 
American Relatives of, 563. 

Aphalara calthae, 564. 
simila, 564. 
persicaria, 565. 

cubana, 565. 
nigra, 566. 
dentata, 566. 
maculata, 567. 
confusa, 567. 
curta, 567. 

californica, 568. 
loca, 568. 
nubifera, 569. 

reducta, 569. 

Aphids, Bramble Fruit, 309. 

Aphis rubicola, 313. 

Atarba anthracina, 609. 

Austrolimnophila spinicaudata, 602. 
candiditarsis, 603. 

Auten, iiaer. (with Knull), Article by, 
572. 


Barber, George W., Article by, 263. 
Beamer, R. H., Article by, 31. 
Bissell, Theo. L., Article by, 242. 
Blabomma, 219. 
Blabomma grandis, 219. 

foxi, 2 

guttata, 220. 

sancta, 221. 

yosemitensis, 221. 

flavipes, 222. 

oregonensis, 222. 

hexops, 222. 


651 


Blatta Orientalis, The Effect of Ecdysis 
on the Number of Mitotically 
Dividing Cells in the Hemolymph 
of the Insect, 35. 

Book Notices, 30, 39, 56, 80, 122, 154, 
194, 195, 196, 197, 198, 199, 200, 
207, 262, 268, 308, 360, 424, 431, 
544, 545, 546, 547, 548, 549, 641, 
642, 643, 644, 645, 646, 647, 648, 
649. 4 

Bradley, G. H. (with King), 345. 

Brannon, Loyd W., Article by, 43. 

Bussart, J. Everett, Article by, 285. 

Butt, F. H., Article by, 487. 


Caldwell, John S., Article by, 563. 

Calendra Callosa Olivier; the Southern 
Corn Billbug, The Embryology 
of, 361. 

Calloides nobilis, 451. 
lorquini, 451. 

Calymmaria, 211. 

Calymmaria californica, 213. 
monicae, 213. 
shastae, 214. 
suprema, 214. 
emertoni, 215. 
nana, 215. 

Carpenter, F. M., Article by, 433. 

Carter, Walter, Article by, 155. 

Cerosipha rubifolii, 313. 

Chaetophleps Setosa Coquillett, The 
Bionomics of, 285. 

Chamberlin, Ralph V. (with Ivie), 
Article by, 211. 

Chorizomma californicum, 216. 
sequoiae, 217. 
flavum, 218. 

Chorizommoides, 218. 

Chorizommoides sylvicolus, 218. 
lahondae, 219. 

Clytini of Boreal America, A Revision 
of the, 438. 

Coccids: Other Notes, Two-segmented 
Tarsi in, 75. 

Columbicola extincta, 55. 

Commelina Nudiflora Linnaeus Mosaic 
to Pineapple, Aphis Transmittal 
of, 155. 

Congress for Entomology, Seventh Inter- 
national, Berlin, 1938, 458. 

Crane-flies from South America, New 
Species of, 598. 

Culex Erraticus and Related Species in 
the United States, Notes on, 345. 
Culex erraticus, 345. 
inhibitator, 349. 
peccator, 350. 
abominator, 352. 
pilosus, 353. 
anips, 354. 








652 


Cybaeina xantha, 225. 

Cybaeota shastae, 227. 
wasatchensis, 227. 
concolor, 227. 
munda, 228. 
vancouverana, 228. 
nana, 229. 

Cybaeozyga, 226. 

Cybaeozyga heterops, 226. 

Cybaeus, 224. 

Cybaeus exilineae, 224. 
tardatus, 225. 
hesper, 225. 

Cyllene antennatus, 441. 
robininae, 442. 
caryae, 442. 
snowi, 443. 
decora, 444. 
infausta, 445. 
zuniana, 445. 
lutosa, 445. 
angulifera, 446. 


Eastep, Oren (with Whitehead), Article 
by, 71. 
Eburniola gastrovittata, 4. 
Eckert, J. E., Article by, 64. 
Elson, J. A., Article by, 579. 
Embryology of Calendra Callosa Olivier; 
the Southern Corn Billbug, The, 361. 
Encyrtid Larvae, The Biology of 
Oéencyrtus Johnsoni (Howard), and 
the Role of the Egg Shell in the 
Respiration of Certain, 123. 
Errors, Omissions and, 650. 
Erythroneura, Three New 
Species of, 31. 
Erythroneura, arida, 31. 
cornigera, 31. 
utahna, 32. 
Erythroneura of the Maculata Group 
from Decatur, Georgia, Some, 572. 
Erythroneura distincta, 572. 
pallida, 573. 
compressa, 573. 
delongi, 574. 
simplex, 575. 
hyalina, 575. 
vittata, 577. 
ventura, 577. 
continua, 578. 
Ethobuella, 223. 
Ethobuella tuonops, 223. 
hespera, 224. 
Eucharidae, Host Records of, 171. 


Western 


Fife, L. C., Article by, 57. 
Flanders, S. E., Articles by, 208, 304. 
Forficula Auricularia L., A Study of the 
Polymorphism in, 558. 
Formica prociliata, 531, 650. 
querquetulana, 536. 
postoculata, 540. 
lecontei, 542. 


Annals Entomological Society of America 


[Vol. XXX, 


Fulton, B. B., Article by, 201. 


Glycobius speciosus, 450. 

Gonomyia macintyrei, 609. 

Grylloblatta Campodeiformis 
Observations on, 269. 


Walker, 


Hare, Laura, Article by, 459. 
Haydak, Mykola H., Article by, 258. 
Helichus Immsi, sp. n., and Notes on 
Other North American Species of 
the Genus, 317. 
Helichus immsi, 318. 
confluentus, 320. 
suturalis, 321. 
fastigiatus, 322. 
Helobia colombiana, 616. 
Hemiptera, A Comparative Study of, 579. 
Hemolymph of the Insect Blatta Orien- 
talis, The Effect of Ecdysis on the 
Number of Mitotically Dividing 
Cells in the, 35. 
Hexatoma laticostata, 607. 
plaumanni lataurata, 608. 
cisatlantica, 608. 
Hinton, Howard Everest, Article by, 317. 
Honeybee Monstrosities, 64. 
Honeybees, The Influence of a Pure Car- 
bohydrate Diet on Newly Emerged, 
258. 
Hopping, Geo. R., Article by, 438. 
Howard, L. O., Article by, 551. 
Hymenopterous Parasites of Ants, New, 
163. 


Ichneumonid Spilocryptus Extrematis 
Cresson, Biology of the, 40. 

Ivie, Wilton, (with Chamberlin), Article 
by, 211. 


Kennedy, Clarence Hamilton, Articles 
by, 410, 425, 531, 650. 

Kerteszia of Anopheles, the Species of 
the Subgenus, 492. 

King, W. V., (with Bradley), Article 
by, 345. 

Knowlton, G. F., (with Maxson and 
with Allen), Articles by, 24, 309. 
Knull, Dorothy Johnson, (with Auten), 

Article by, 572. 
Knull, Josef N., Article by, 252. 
Komp, W. H. W., Articles by, 358, 492. 
Krombein, Karl V., Article by, 26. 


Limonia quadrituberculata, 601. 
Limnophila charon, 604. 
expressa, 605. 
leucostigma, 606. 
Litaneutria Minor Scudder, Biology of 
the Minor Mantid, 111. 
Lobdell, Gladys Hoke, Article by, 75. 


Machaerilaemus complexus, 53. 


Index to Volume XXX 653 


Macrosiphum rubiellum, 311. 
rubiellum harpagorubus, 312. 
rubifolium, 312. 

Malcomson, Richard O., Article by, 53. 

Mallophaga, Two New, 53. 

Mantid, Litaneutria Minor Scudder, 
Biology of the Minor, 111. 

Mantid, Stagmomantis Limbata Hahn, 
Biology of the Bordered, 96. 

Maple, John D., Article by, 123. 

Marchal’s Extended Paper on _ the 
Trichogrammas, Resumé and Con- 
clusions to, 551. 

Marsh, Frank L., Article by, 40. 

Maxson, A. C. (with Knowlton), Article 
by, 24. 

Megacheuma brevipennis, 447. 

Melander, A. L., Article by, 433. 

Mills, Harlow B. (with Pepper), Article 
by, 269. 

Myzininae, Review of the Genera of, 26. 

Myzus convolvuli, 313. 


Nemobius, Experimental Crossing of 
Subspecies in, 201. 

Noctuidae Taken at a Bait Trap in 
Kansas, 296. 


Ochraethes sigmoideus, 453. 

Omissions and Errors, 650. 

Odencyrtus Johnsoni (Howard), and the 
Role of the Egg Shell in the Respira- 
tion of Certain Encyrtid Larvae, 
The Biology of, 123. 

Orasema doello-juradoi, 650. 

Orasema sixaolae, 163. 
argentina, 650. 
costaricensis, 164. 

Osmia Lignaria and O. Cordata, with 
Notes on O. Conjuncta, The Life- 
history of, 324. 


Parasites of Ants, New Hymenopterous, 
163. 
Paratyndaris anomalis, 252. 
albofasciata, 253. 
acaciae, 254. 
barberi, 254. 
chamaeleonis, 255. 
cincta, 254. 
coursetia, 255. 
olneyae, 255. 
prosopis, 255. 
suturalis, 256. 
Paratyndaris with Notes on Described 
Forms, New Species of, 252. 
Passalus Cornutus Fabricius, The Cellular 
Structure of the Digestive Tract of 
the Beetle, 619. 
Patterson, Marguerite Tiffin, Article by, 
619. 
Paulian, Renaud, Article by, 558. 
Pecan Weevil, Structure of the Repro- 
ductive System of the, 242. 


Pepper, J. H., (with Mills), Article by, 269. 

Perilestes castor, 411. 
pollux, 418. 
kahli, 423. 

Perilestes Castor and P. Pollux, New 
Dragonflies from Ecuador, with 
Notes on P. Kahli, 410. 

Perinthus hageni, 9. 
xenocostalis, 9. 

Periplaneta Americana Linn., Time 
Required for Food Passage Through 
the Alimentary Tract of the Cock- 
roach, 277. 

Phylloxera Notabilis Pergande, The 
Seasonal Cycle of, 71. 

Pineapple Mosaic, Transmittal of, 155. 

Pink Bollworm Collected in Squares and 
in Bolls of Cotton, Number of 
Instars of, 57: 

Placosternus, 447. 

Placosternus difficilis, 448. 
crinicornis, 448. 
erythropus, 449. 

Polymorphism in Forficula Auricularia 
L., A Study of the, 558. 

Proceedings of the Thirty-first Annual 
Meeting, Atlantic City, New Jersey, 
December 28-30, 1936, 176. 

Prociphilus, A New Japanese, 24. 

Prociphilus takahashii, 24. 

Publications, New, ‘‘Current Titles from 
Biological Journals.” ‘Entoma,”’ 

50. 


Rau, Phil, Article by, 324, 650. 

Respiration of Certain Encyrtid Larvae, 
123. 

Roberts, Raiford A., Articles by, 96, 111. 


Sargent, William Dunlap, Article by, 81. 

Sarosesthea fulminans, 453. 

Seevers, Charles H., Article by, 1. 

Seventh Entomological Congress, 618. 

Snipes, B. Thomas, (with Tauber), 277. 

Spiders of the Family Agelenidae from 
Western North America, New, 211. 

Spilocryptus extrematis Cresson, Biology 
of the Ichneumonid, 40. 

Squash Beetle in Alabama, Life-history 
Studies of the, 43. 

Stagmomantis Limbata Hahn, Biology 
of the Bordered Mantid, 96. 

Staurophlebia Auca, a New Dragonfly 
from Ecuador, 425. 

Stethomyia from Peru, Anopheles 
Acanthotorynus, A New Species of 
the Subgenus, 358. 

Stigmatic Apparatus of Trypetid Larvae, 
The Posterior, 487. 


Tarsi in Coccids: Other Notes, Two- 
Segmented, 75. 








654 


Tauber, Oscar E., Articles by, 35; (with 
Snipes), 277. 

Termite Phylogeny as Evidenced by 
Soldier Mandible Development, 459. 

Termitocola, 7. 
cylindricornis, 8. 

Termitogaster impressicollis, 11. 
bicolor, 12. 

Termitophilous Staphylinidae from Trop- 
ical America and the Solomon 
Islands, New Species of, 1. 

Termitophya emersoni, 14. 
ecuadoriensis, 16. 
inornata, 18. 
pilventris, 17. 

Teucholabis liponeura, 610. 
fuscoapicalis, 612. 
laterospinosa, 615. 
lipophleps, 611. 
nigrocorporis, 613. 
rubriceps, 614. 

Thoracantha bruchi, 650. 

Thoracic Skeleton of the Dragonflies, 81. 

Thyreoxenus solomonensis, 2. 

Tiphiidae, Studies in the, 26. 

Tipula laticostata, 598. 
perstudioas, 599. 
hostifica, 600. 

Trichogramma, Habitat Selection by, 
208. 


Annals Entomological Society of America 





[Vol. XXX, 


Trichogramma Minutum Riley Emerging 
from Eggs of Heliothis Obsoleta 
Fab., Variation in Populations and 
in Size of Adults of, 263. 

Trichogramma, Notes on the Life His- 
tory and Anatomy of, 304. 

Trichogrammas, Resumé and Conclu- 
sions to Paul Marchal’s Extended 
Paper on the, 551. 

Triodoclytus, 454. 

Trypetid Larvae, The Posterior Stig- 
matic Apparatus of, 487. 

Tylcus hartwegi, 452. 


Variation in Populations and in Size of 
Adults of Trichogramma Minutum 
Riley Emerging from Eggs of 
Heliothis Obsoleta Fab., 263. 


Walkden, H. H., Article by, 296. 

Wheeler, Esther W., (with Wheeler), 
Article by, 163, 650. 

Wheeler, George C., (with Wheeler), 
Article by, 163, 650. 

Wheeler, William Morton, 433. 

Whitehead, F. E., (with Eastep), Article 
by, 71. 

Wray, D. L., Article by, 361. 


MAILING DATES FOR 1937 VOLUME OF ANNALS 


March Number—April 17, 1937. 
June Number—June 29, 1937. 
September Number—October 14, 1937. 


December Number—December 8, 1937. 





